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Automatic Generation of Floating-Point Test Data

WEBB MILLER AnD DAVID L. SPOONER

Abstract—For erical or more g lly for p
with floating-point data, i( nuy be that lnpe uvinp ol tlme and
storage are made possible by using Ti thod

instead of symbolic execution to generate test data. Two examples,
a matrix factorization subroutine and a sorting method, illustrate the
types of data generation problems that can be successfully treated
with such maximization techniques.

Index Terms—Automatic test dau generation, branching, data con-
straints, ion path, softy ion systems.

INTRODUCTION

ESEARCH in program evaluation and verification has

only rarely (e.g., [1]) begun with the explicit require-

ment that the program deal with real numbers as op-
posed to integers. This may be an oversight since there are
theoretical results which suggest the desirability of this as-
sumption. Specifically, a general procedure of Tarski [2]
shows that certain properties, undecidable (in the technical
sense) for “integer” programs, are decidable for “‘numerical”
programs. Examples of this phenomenon arise when one asks
if there exists a set of data driving execution of a certain kind
of program down a given path.

& | AR ERZTE (B

“heuristic” in that it is not guaranteed to produce a set of test
data executing a given path whenever such data exist. (On
the other hand, we know of no guaranteed data generation
scheme whose execution time does not, in the worst case,
grow at least exponentially with the length of the execution
path.)

NUMERICAL MAXIMIZATION METHODS FOR
GENERATING TEST DATA

Given the problem of generating floating-point test data our
approach begins by fixing all integer parameters of the given
program (e.g., the dimensions of the data in a matrix program
or the number of iterations in an iterative method) so that the
only unresolved decisions controlling program flow are com-
parisons involving real values. Then, as will be seen, an execu-
tion path takes the form of a straight-line program of float-
ing-point assignment statements interspersed with “path
constraints” of the form ¢; = 0, ¢; > 0,0r¢; 2 0. Each¢;isa
data-dependent real value possibly defined in terms of pre-
viously computed results. For instance, a path which takes
the true branch of a test “IF(X.NE.Y)"” has a constraint ¢ > 0,

e\l PEAIG 5(
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R HHETOERIE S ERETRAREFONIREA Miller and Spooner, TSE 1976),
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in mathematics from the University of Washing-
ton, Seattle, in 1969.

He is currently an Associate Professor in the
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EvoSuite: Automatic Test Suite Generation
for Object-Oriented Software

0 days, 0 hrs, 0 min, 2 sec
none seen yet

Gordon Fraser Andrea Arcuri 0 days, 0 hrs, 0 min, 2 sec
Saarland University — Computer Science Simula Research Laboratory none seen yet
Saarbriicken, Germany P.O. Box 134, 1325 Lysaker, Norway B TR % i £ SSE e
fraser@cs.uni-saarland.de arcuri@simula.no 5 et 3 7
0 (0.00%) 2 (0.00%)
0 (0.00%) 1.00 bits/tuple
ABSTRACT ann P — stage e findings in depth
To find defects in software, one needs test cases that ex- s Sotmenae ™ = = havoc 1 (100.00%)
ccute the software systematically, and oracles that assess n e O <
the correctness of the observed behavior when running these - e e 1464/5000 (29.28%) 1 (100.00%)
test cases. This paper presents EVOSUITE, a tool that au- Taas b e 3 1697 39 (1 unique
tomatically generates t cases with as: for classes - X S . P - -
written in Java code. To achieve this, applies a : - o i e SREL el ”626 Afaec 0 (0 unique)

novel hybrid approach that generates and optimizes whole ——— " 5 Z1l crat

test lmnul-: ((;wnr.r‘lx E .\'fysi.ng a ('nv("r;qfv ('rill"l“l;ﬂlv l"-ltr (:u- P = o S i T 0/ 16 1/ 15 0/ 13

produced test suites, /OSUITE suggests possible oracles by > e

adding small and effective sets of assertions that concisely 5 sz 0/2, 0/1, 0/0

summarize the current behavior; these assertions allow the . v S, t 0/112, 0/25, 0/0

developer to detect deviations from expected behavior, and . Sy e .

to capture the current behavior in order to protect against = —% L 0/10, 0/28, 0/0

future defects breaking this behavior. — P—-- " SRR s 0/0, 0/0, 0/0
0/0, 0/0

n/a, 0.00%

Fraser et al. @ ESEC/FSE’'11
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Sapienz: Multi-objective Automated Testing
for Android Applications

Ke Mao Mark Harman Yue Jia
CREST Centre, University College London, Malet Place, London, WC1E 6BT, UK
k.mao@cs.ucl.ac.uk, mark.harman@ucl.ac.uk, yue.jia@ucl.ac.uk

ABSTRACT

We introduce SAPIENZ, an approach to Android testing
that uses multi-objective search-based testing to automati-
cally explore and optimise test sequences, minimising length,
while simultaneously maximising coverage and fault revela-
tion. SAPIENZ combines random fuzzing, systematic and
search-based exploration, exploiting seeding and multi-level
instrumentation. SAPIENZ significantly outperforms (with
large effect size) both the state-of-the-art technique Dyno-
droid and the widely-used tool, Android Monkey, in 7/10

Where test automation does occur, it typically uses
Google’s Android Monkey tool [36], which is currently inte-
grated with the Android system. Since this tool is so widely
available and distributed, it is regarded as the current state-
of-practice for automated software testing [53]. Although
Monkey automates testing, it does so in a relatively unintel-
ligent manner: generating sequences of events at random in
the hope of exploring the app under test and revealing fail-
ures. It uses a standard, simple-but-effective, default test
oracle [22] that regards any input that reveals a crash to be

Mao et al. @ ISSTA’16

//ﬁ

Android

» B3 BiriiCEEZREF B Gl

>

»

ienz

& ios

BOINABIATE, AEIR: KBEER. IFFIIRKE. MARINAcrashiiE
(18X 650+5|F, $AR7EFacebook A EIkINEE(L)

2024 A+t R B FES

| AIRENTA AT E B EARE

%5




> BHF3

Software design
2%
Software

requirements
4%

Software
management
11%

BAMZATNE, BXieXaB
DL4SEiE3[Y23% (Yang et al, CSUR’22)

2024 Al+-TRAEBZFIRE | ARSI AT E (EiHD

REF IR BEMEi

Compiler Fuzzing through Deep Learning

Chris Cummins Alastair Murray Hugh Leather
Pavlos Petoumenos alastairmurray@codeplay.com hleather@inf.ed.ac.uk
{c.cummins,ppetoume}@inf.ed.ac.uk Codeplay Software University of Edinburgh
University of Edinburgh Edinburgh, United Kingdom United Kingdom
United Kingdom
ABSTRACT 1 INTRODUCTION

Random program generation — fuzzing — is an effective technique
for discovering bugs in compilers but successful fuzzers require
extensive development effort for every language supported by the
compiler, and often leave parts of the language space untested.
We introduce DeepSmith, a novel hine learning approach
to accelerating compiler validation through the inference of gen-
erative models for compiler inputs. Our approach infers a learned
model of the structure of real world code based on a large cor-
pus of open source code. Then, it uses the model to automatically
generate tens of thousands of realistic programs. Finally, we apply
established differential testing methodologies on them to expose
bugs in compilers. We apply our approach to the OpenCL program-

Compilers should produce correct code for valid inputs, and mean-
ingful errors for invalid inputs. Failure to do so can hinder software
development or even cause catastrophic runtime errors. Still, prop-
erly testing compilers is hard. Modern optimizing compilers are
large and complex programs, and their input space is huge. Hand
designed suites of test programs, while important, are inadequate
for covering such a large space and will not touch all parts of the
compiler.

Random test case generation — fuzzing — is a well established
and effective method for identifying compiler bugs [6, 7, 16]. When
fuzzing, randomly generated valid or semi-valid inputs are fed to
the compiler. Any kind of unexpected behavior, including crashes,

DeepSmith @ ISSTA 2018
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Fastbot2: Reusable Automated Model-based GUI Testing for
Android Enhanced by Reinforcement Learning

Zhengwei Lv Chao Peng’ Zhao Zhang
Ivzhengwei.m@bytedance.com pengchao.x@bytedance.com zhangzhao.a@bytedance.com
Bytedance Bytedance Bytedance
Beijing, China Beijing, China Beijing, China
Ting Su’ Kai Liu® Ping Yang

tsu@sei.ecnu.edu.cn liukai.0914@bytedance.com yangping.cser@bytedance.com
East China Normal University East China Normal University / Bytedance

Shanghai, China
ABSTRACT

We introduce a reusable automated model-based GUI testing tech-
nique for Android apps to accelerate the testing cycle. Our key in-
sight is that the knowledge of event-activity transitions from the pre-
vious testing runs, i.e., executing which events can reach which ac-

ByteDance, Beijing, China
1 INTRODUCTION

Mobile apps have drastically increased in number over the recent
years [1] Ensurmg app quality is crucial to keeping user loyalty and
To this end, automated GUI testing
has bccome an attractive and cost-effective solution [2, 10, 11].

@ ASE’22 (Ind Track)

Beijing, China
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Wauji: Automatic Online Combat Game Testing
Using Evolutionary Deep Reinforcement Learning

Yan Zheng!*, Xiaofei Xie**, Ting Su?, Lei Ma®, J
Yang Liu?, Ruimin Shen®, Yingfeng Ct

! College of Intelligence and Computing, Ti

2 Nanyang Technological Univers:
* Kyushu University, Ja|

' Fuxi Al Lab, Netease, Inc., Hany

Abstract—Game testing has been long recognized as a noto-
rlously challenging task, which mainly relics on manual playing
and scripting based testing in game industry. Even until recently,
automated game testing still remains to be largely untouched
niche. A key challenge Is that game testing often nqulm w
play the game as a sequential decision process. A bug ma;
only be triggered until completing certain alm«m Inkm\edhlc
tasks, which requires a certain Jevel of intelligence. The recent
success of deep reinforcement learning (DRL) sheds light on
advancing automated game testing, without human competitive
intelligent support. However, the existing DRLs maostly focus on
winning the game rather than game testing. To bridge the gap,

in this paper. we first perform an in-deoth analvsis of 1349 real
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ZEFE kBRI Fr E B EUEEIPASITE TSERRTI L ARAIZRA (Software Testing With Large
Language Models: Survey, Landscape, and Vision) (E3F2023F6Hp14&ZFEAI1025E3CHE)

. $ = 3, =
IEFRIEXEE FUIRROES e X (s IR KRR
Mobile app it Coder, 2
150 Deep learning library [
3 Compiler N2 |
o e sc:vIZr R S « ChatGPT (25%)
O g utonomou rivin m H
b S e 1\ndroid - Codex (16%)
E GO toolchain [ ‘ - CodeT5 (13%)
50 2 vaScript engine [N
& Quantum c:am:usl;gp:)lealfirr: 1 S GPT'4 (1 0%)
= Video game 1
. 0 1 2 3 4 5
2020 2021 2022 2023 Paper Count

SR AYIREENEAESS (LLMBS(ERIAR) iR LiERE EESHMGEES?

. 5T A Y wes o [ # Zero-shot learning (51) ——& Pure LLM (67)
. ZFTIRRNER g rouooce N — Few-shot learning (25) ——& + Statistic analysis (10)
IS syt | 2 [ | ® —— Chain-of-thought (/) & + Program analysis (9)
= Y pwcam 8T ecam % — Self-consistency (1) ¢ + Mutation testing (7)
i ! [——aaaEhe Mokl + + Syntactic repair (6)
RSt ()] Test ,  TestDesign ,  TestCase < Test , TestReport/ X Bug Fix/ , Software . 2 4 N/A (l-e-- Pre-tralnlng

Plan (0) and Review (0) Preparation (46) Execution (0) Bug Report (8) Regression Test (50) Release (0) and/or fine-tunin g ) (3 8) ¢ + Differential testi ng (5)
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« Real-world DL models are usually complex and large.

Model Size (MB) Time per inference step

ResNet152 232 127.4ms

« LLMs are even larger, for example, LLaMA 3.1 by Meta has 8 billion to
405 billion parameters (F{Z&%))

* It requires model optimization to deploy DL components on
resource-constrained devices

« Pruning (82#%): zero-out the insignificant weights

« Quantization (£1%): reduce the size of weights (e.g., 32-bit float to 8-bit int)

2024 AI+TRRBFIES | AL EZS (Rt EAIEY £
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- HTHENEHNERNTE (WRSRE, sKERR. REGH), IBIERTETEFmIERE
ieiREE, £RESEUEIMIEIR, LIl TE TensorFlowtEZEFRRI—PNESLHF

Define TFOpLambda Layer Input Model Quantize Model
Construct Optimize
* model = keras.models.Model(
inputs=inputs,
outputs=outputs)

>
keras.quantize_model(model)

inputs = keras.Input(..)
outputs = TFOpLambda(..)(inputs)

Inside TensorFlow

AttributeError;

input = [layer] 'list' object has no attribute 'dtype’

t = input.dtype(Q)

2024 AlI+FRERBFIES | AREIAEAEZS (Rt EAIEY £
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FAJETensorFlowFdPy Torchii & B EZEAREMILIEER A I 370N B SLERFE
(Model Optimization Bugs, MOBs), HHE T BNSLIEAZ (ICSE 2023):

+ HNFMZEIMOBSLUAREIE, FARARBIRANAERTE
* ARG R ERE RS R SRREISR S R E
% Poreh W Tensorflow Python APl — ??? — C++ Func

-5 I {-_m AP|_CUDA
rong type 36 3 :
W _T

14 4 I Crash
| B oC

MAD

0- - . . : :
[0,14] [15,30] [31,90] [91,180] [181,365] =365
Existing days

& 10 POP
£ onavwe | [N Input [1, 3, 552, 24],
I wossa [JICE Conv2D(3, 24, stride=)
‘N BatchNorm2D(24)

Linear(3, 16)

Others E
0
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FA 17 ETensorFlow#1Py TorchNE A MEZRRIRAIM AR A I 3 70 B SLiRpE
(Model Optimization Bugs, MOBs), HFRETE LIS (ICSE 2023):

o« IENFIZRTMOBSELIREME, FFARARERNAZATE]
4 N\
BHitSMIMOBsEEEIREIRKIER, €1F: 1) MAEEEEEE, 2) (iAPLERM

kR . ERAVRENSECASFIAPIAREEEE R ESE#MIconstraints
Hkak2 . MINREFLICAPINE ST LR, et cin A SEItLRER

Z 0] )
S 5 e |
£ omesee. | Input [1, 3, 552, 24],
I Metadata o Conv2D(3, 24, stride=)
] BatchNorm2D(24)

) 0,14] [15,30] [319] [91,180] [181,365] >365 o o o Linear(3, 16)
Existing days
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g E DocTer: Documentation-Guided Fuzzing for Testing Deep
i PURDUE | earning API Functions (Xie et al., ISSTA22)

DocTer kI FEREBAISAY, HEUNEREANAPLHT
i, MAREFINUERFER SRS MESRAPIRIER.

waversity o - NNSmith: Generating Diverse and Valid Test Cases for

— Model If‘::rl:;r:;i;:l (§3-12) v “Ode‘ Pf"f";‘“-" Differential Testing |LL|N0| D L . C I L t I ASPLO 8;23
Resize | craghicanerstion ) | EHEHIRD Tensokt | B usmans-cnaneaicn eep Learning Compilers (Liu et al., )
Conv2d ttrbute Binning | |10 5 OA:F:)C(:Z:::e
type_transfer —— NNSMITH V(X; W) =Y .
e ([l st S NN Smith &EF A LSRHEERFIE (BTIEEmAKE/
Operator Spec. (§3.1) || [ proxy Derivative (_Runtime Failure? N : =
Y (I:neration Validity | Value ;ancehin: :;33) v Numerical Validity E'riwgﬁlﬁﬁﬂgéggﬁ%1¢ ] E@H:II g-KE%#IU) o




» MBANREFIERUXTIE

ITHA—E TR HLLMERE I EZR N E ISR E
R (RUIUCKSIBEEZEBARITitanFuzz, FuzzGPTE)

POTENTIAL
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select
e Snippets t_api(x) see
enerate ’
eds —— e ]

&&&&&

Large Language Models are Zero-Shot Fuzzers: Fuzzing Deep-Learning Large Language Models are Edge-Case Fuzzers: Testing
Libraries via Large Language Models (Deng et al., ISSTA'23) Deep Learning Libraries via FuzzGPT (Deng et al., ICSE’'24)
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import ...

NG N i .
Eﬁsnmi ﬁH; FuzzGP ﬂi# y ° def pad(img: torch.Tensor, ...) -> torch.Tensor:

e I i | NS e

return F.pad(img, padding=padding, padding_mode="edge

out = torch.jit.script(pad)

* ~90%ERAI AR IERARE L IIER, [

print(out)
<file_sep>/torch/csrc/jit/passes/onnx/onnx_tracer.cpp

° XﬁL‘)\j:ﬁéUﬂ:%_E*%@*ﬂ{jﬁ{,tA P I Eggﬁéﬁmﬁ M O BS #include <torch/csrc/jit/passes/onnx/onnx_tracer.h>

")

LFIRRMEEBRGEEIR: MOBsEIFEMIEI ) ARbugs (LLMsXIillZk, ¥
FHES BALMES BERE)

L
gpun

IRBEACERRAIB S EELLS | REHEKNX R SFrEMi REIELE

‘® Tensor 1.8% 4.0%

(") pyTorch 3.5% 2.2%
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AT IRFLLM ARSI IZFFIIENIMOBSBIR IR, BAHRE—TsrTsiE

@ Concentration - produces knowledge @ Chain-of-Thought prompting
————————————————————————————— - B |
3.2 - Code decomposition 3.4 - Issue clustering I | Knowledge + instructions |
<[> Code snippet sén Code structure characteristics Compare characteristics I I |
SRR TR ARGERER s GESCADOEEEsoossscoTaEcoE i P e e \ | |# A bug of PyTorch I LLM
Cat — (Layer vs Layer) = 0 <
' def pass_through(a, b): ot i ! INEN= B = (| : [
E return (a, b) i EModeI layer: pass_through E _;i = :I 'giﬁqﬁ;{,!ifﬁg) e i | {# Model layer: pass_thr ! —\\\\QQ
: ) ) L API: torch.jit.script' I = Difisued Lisie 2= 0+ 1+ 1=2 ) | i# API: torch.jit.script I Z
| class JitClass: Y T e | i# Data: a, b of int I
: - ! o Data:a, b of int : Find issues with small difference { : | I
, torch.jit.script... l 1 ) s e s s e s e =~ |1 # Triggered: RuntimeError |
M- % S e 5 ! D(Issue 1, Issue 2) < 6 ) i FTEE . !
i Q E] 1 I'# From: jit.frontend.ir i
e I i D(Issue 1, Issue 3) <6 g | # R 7 ki tiible
3.3 - Text summarization : \..___:'? ______ ) ;| eason: unpacking tuple |
2 Al .
() Human comments = Error description characteristics e Ul e ] | {(Code ...) I
e S B L LR P LR 3 e e e N Form groups of simllar issues. o ! T d
1 - Program output error ... J ! Exception: RuntimeError I ! Vo # A similar bu | est code
| f | 1 | — I L 1 g ceceee .
¢ Tupledoest WoRK WHBA .- \—{ [locatiof: jit.Frontend.ir : == = =0 ... " i l
5 Exception is thrown from ... | | Reason: tuple in class attr X ) | 14 A cimilar bug ...... I
i e e e e e . o e e e | | | 1° —\ O
) Diffusion - produces instructions ! I =) «
T LT et L =
! iy 3.5 - Code mutation i i
(= b .
| I=1= &} Error-prone components = Mutation rules : | '
i O,‘? ____________________________________ e ) (# Write a test case that !
i : { - Conv2D, RelLu and Softmax layers d A i - Change model layer to linear - Trigger a RuntimeError .L—-I-VI o |
i Study on i - JIT module contains script and trace - ...... — - Use another API of trace - When processing IR ' | .<infill> |
i MOBs \ - Extremely large or small floats S ! . - Mutate input data with float - Caused by class attributes | ! : |
e T | . I




» %45 (Concentration): BEEHIRILS

EHARK. MNIEGMOBsHE% IJIEEMLAIENR
- MIBissue reportsiZANERIGEIEE (BEERE. APl RESE)

- BIMAEKNMOBsH{TEIRYEE %
o LBLLMIZEFACIEYHIF, 1 EXREINEA

(@ Concentration - produces knowledge

3.2 - Code decomposition 3.4 - Issue clustering

<|> Code snippet Compare characteristics

——————————————————————————————————————————————————

'def pass_through(a, b):
i return (a, b)

» 1 8 N— Cat— (Layervs Layer) - 0
' 'Model layer: pass_through ] | E S Loo D Gty 2
o yorapasss g L — Exc — (Type vs Key) —* 1

I

3.3 - Text summarization

() Human comments

______________________

:" Program output error ... : Exceptlon RuntimeError
| Tuple doesn't work when ... '—>' Location: jit.frontend.ir
I

I
- Exception is thrown from . . Reason: tuple in class attr

________________________________________________

___________________________

L
oo

2024 A+ EBFIES | AR AT S (i BEARIERY

__________________________

e API: torch.jit.script! e D(ssue 1, Issue2) =0+1+1=2 1 |

]
/ :class JAECTass el : ' ' A3 y !
: t g . | Data:a, b of int 1 Find issues with small difference 1 .
. orChEY A L SCrip ey | ] oo N
I 0 ““““““““““““ = R it 4 ! D(Issue 1. Issue 2) < 6 b
E QQQ D(Issue 1, Issue 3) < 6 BF
: :

S

/ Few-shot learning \

# A bug of PyTorch

# Model layer: pass_thr
# API: torch.jit.script
# Data: a, b of int

# Triggered: RuntimeError
# From: jit.frontend.ir
# Reason: unpacking tuple

(Code ...)

# A similar bug

# Another similar bug

k ..... /




» &8 (Diffusion): BAIFEHES ERE

EXEN: EFUARMRARBRTEANES & Jomieme

I
|# A bug of PyTorch

° ?EHE1:§§2{%1’EHB§£EE§*§E&5,§E =# Model layer: pass_thr

i# API: torch.jit.script
i# Data: a, b of int

o ZITEIMOBspIZESEHM (“0change model layer to linear) (3 Foiogeved: Buntinsepeor

| # From: jit.frontend.ir
| # Reason: unpacking tuple

+ FMECOTHAS ISLLMEHIERIEMANBERITIIIARE (B5I1SH fooe o

| Test code
[— 21 — «# A similar bug ...... I
210 '
ERSERNER) i ]
l# A similar bug ...... |
: R ; ) ! ! o = O
(2 Diffusion - produces instructions ! | (6 = ,ﬁ
e e e e e e 5 e 4 5 e e . e e e et e e et | (o = I
: . | ‘
! A 3.5 - Code mutation i i l
I = H 3
1= ; — - I I
| H=l= \&) Error-prone components i= Mutation rules : .
i 01 _______________________________________________________________________________ -l i# Write a test case that |
i (- Conv2D, ReLu and Softmax layers - Y i~ Change model layer to linear - Trigger a RuntimeError :——4-P| . |
I Study on - JIT module contains script and trace - ...... — - Use another API of trace - When processing IR 1] . <infill> |
| \ 4
I
/ »

i MOBs . - Extremely large or small floats e ) . - Mutate input data with float - Caused by class attributes | '




» YanHui - FFERISCIR

GitHubf%#z: https://github.com/YanHui-2024/YanHui

n

RELIENERE (FLFCTHZIEZE) ¢ "B

return x + 1

m = MyModel()
scripted = torch.jit.script(m)
scripted(torch.tensor([2]))

Prompts
/ # Here is a bug of PyTorch \
| # Model: nn.Module i
! # API: torch.jit.script {_—‘~“\\\\\‘\\\\\\\
' # Data: "abcd" i
! . . 'Ab AN V4 —
1 # Triggered: RuntimeError | _}i_
| # From: torch.jit.frontend ! YanHUIHbaE —_—
| # Reason: desugar of str is not handled in JIT
i (code ..) :
I
\ I
' # And a similar bug of PyTorch E
! # Model: nn.Module . ! # JIT does not support the s*xkxkwargs syntax
! zg\Pi: tozchr-]lﬁ-scr;pt ) : class MyModel(nn.Module):
I ata: *k{ "hello": None i i -=1) -
| # Triggered: RuntimeError E def _init_ (self, a=1):
i # From: torch.jit.frontend ! T
i # Reason: expanding dictionary is not handled
' (code ..) : def forward(self, x, skkwargs):
l !
! I
|
|
I
I
1

I
i # Write a test case of PyTorch that fails to handle
\ # the feature of Python.

2024 Al+TREHFIES | ARGFELESE (Rl RIS %A


https://github.com/YanHui-2024/YanHui

» YanHuUiBJ34 R

- ERRBHIZEFRIRINER: 36% (TEGPT-4 LRIRER)

« f£PyTorchfiTensorFlowpILia i1 74N 2 EEARFIMOBs (Fin EXES)

JIT RuntimeError: Expected a value of type 'Tensor' for

argument 'input_lengths' but instead found type 'List[int]".

#121634
KnightGOKU opened this issue on Mar 11 - 1 comment

I ! 0 KnightGOKU commented on Mar 11 - edited by pytorch-bot bot Assignees
i . N signed
% Describe the bug
- Label
Desceiption: e
ncall: jit

Iam using torch.nn.functional.ctc_loss in my program and tend to use
torch.jit.script to script my function.

The original function works well but the scripted function throws a RuntimeError, ~ Projects

Torchscript should support union type by "“|" introduced in
python3.10. #114755

(QYLEELE hzhangxyz opened this issue on Nov 29, 2023 - 2 comments

hzhangxyz commented on Nov 29, 2023 . edited by pytorch-bot bot « Assignees

©

) . . N signed
% The feature, motivation and pitch
In python3.10, we can write typing.Union[X, Y] as X | Y directly, which improves Labels
the readibility. | hope we can write it in torchscript, but currently torch.jit.script enhancement  oncall: jit

complains that Expression of type | cannot be used in a type expression

/ See: https://peps.python.org/pep-0604/ Projects

PyTorchrREITE MIEBIATIIE S ROSRU R ERIE

2024 AI+-AEBFIES | AIRDFAEATE BiFd




» BAIBIPAMEHIR— RER RS 3EiE,

ISSTA\ 24

LR

ILLM

mENE S EDIERY “R” bug?

y » 5 S R B I B R A TR UL ?
I C S M E 2024
[Ej] AFE202% TR BEEAF IR MR R E ML ERE?

2024 AlI+FRERBFIES | AREIAEAEZS (Rt EAIEY £




» 55 MMAREBEClhi

- Wi BfE:
- BEEXE (THE. TR, ABFH)

1:_LIJ~J$E|15E (ﬁﬁﬂﬂu\ 159% liEltlEEElz-d-E)

- KHE(ESS:
- REJTEEFE (0 "BR" %)
- FAFRIANER (@0 "HAHE" )

- FARHbG:
- WM BRIV SSBELAERERMEE T
SERI EFF IR A RBI RPN ?

a5 EBooking.comiJHlE

2024 Al+TREMFIES | ARHLTE (BRI x& -



» IR RIRI T AR E BN TE

Crawljax iviesbah et al, 2011] R E kL ERstate-flow graph, EFDFSELHHITREIRE BENE R 1R

DIG [Biagiola et al., 2019] fHEXnavigational graph, EJFdiversity-based heuristicsifEiZts BEH
WebExplor [7heng et al, 2021] HTF 77 ORaIA9Q- learning &% BE#
QExplore [sherin et al, 2023] HETQ-learning&i& Eﬂzﬁéﬁ%{iﬂ;hema

WebLin uetal,
MBS LEn el 20 ET AR, BEERAPRES, TEeEmMFENR

(tk#nCreate a task for a Career Fair on Google Calendar)

RIREIERY,

Seeclick [cheng et al, 20241




» IR RIRI T AR E BN TE

Crawljax iviesbah et al, 2011] R E kL ERstate-flow graph, EFDFSELHHITREIRE BENE R 1R
4 ] I
REAAVIEXAR, (BEBASBE—RIERNFRIFIEEZIRI AR R :

[ARA2: WHMAIfESMRAZEIY

R : AUAEREEZEIERINERFS], LMW RRERIE s EH?

2ch, ERAMAAFMA, LURFI R

WebLinx [1u et al, 2024]

ETKRE, BFEAFRMES, TE2EIRENT

(tk#nCreate a task for a Career Fair on Google Calendar)

Seeclick [cheng et al, 20241

RIREIERY,

2024 AHRRBFIES | ARSHLZE REdIIRFIEY £



» SIRSLLM AR s A F EAhS RS

[NeurlPS'23] Visual Instruction Tuning (LLaVA) built towards
GPT-4V level capabilities and beyond

FERRIESIEELLaVaBSLATEED:

MTEIEfR: 1835 FCLIP, LLaVaggiRgma ERIS

Language Response X () (D (@ FTE (R BR. XAME)
Language Model f o MARMrSS%RL: 8% T Vicuna, LlavaBGidE KAy
Yo RES A TERE
m m m m mm B5A1 LhIEEE ‘ ~
Projection W - H, Al - ZEEI: S5 DARWIEES], LLaVA BRI
Vision Encoder y S X, Language Instruction SNz aBsndiE, RnikE. HEERESE
LLaVA (Large Language-and-Vision Assistant) %l < TR E Bl =R Visual Question
KRR NG TR MERHRITES g Answering (VQA) {£53
TR GRAAR 4RSS CLIP ViT-L/14 MABAMRIESEEENHFRZERERESHR

HEFLLaMABIRNFFRAES &8 Vicuna " TPaNE 3D ST




» VETL: LVLM-Empowered Web Testing Loop

D Ao o e R O e A GO TR e S0\ e nce e ket e e e e A8 r vy it AR ma e T e S e e ey
e r —— \ ~ inputconstraint —— A. Text Input Generator] \
; > !
Vo : ML doc | & Extraction ) > context information Va \_-’ E - el
2 > p Visual | = i !
e e > nput prom !
© . L@ | Screenshot s "_I| Prompt ; TQ : ; |
—. 4 | Seeenchor|l Annotation : Generation i
 Sasenshol J o
2 e S
* :‘P[ lngui Wl@getJ N o/ i S - 10 1: ~ -~~~ Large Vision-
= SEcon e | Language Model
WUT o : HE :?ClgggrﬁAITift Element prompt %é Query 2 :
| 8y Multl Armed B T e |
> HTML pa—— |
l ; l element list I
: |
leme I
- B. Target Element Selector

T SRR R R R SRR SRR R SRR SRR SRR SRR SRR SRR SRR SRR SRR SRR SRR SR SR SRR SRR R SR SRR SRR R R R SRR e e e

2024 Al+TREBHFIES | AR ETE (i e ;&




» VETLAI A58 \ R AREIR

‘ ‘ ; : = \
o3 5 : /
Spllttyple i HTML ( Contaxt A input constraint T ] toxt t :
; —_— ext Inpu
! HTMLdoc| Extraction { . . I_lé ° |
New Transaction i 9 ¥ context information — Visual Input prompt ,
I Prompt 1 Query 1 l
Who paid? | L G A Generation I
Smith | =% ] Screenshot Vision Language ||
| Screenshot Annotation e : Model
For what? \ J 3
\ R U/ /
How much?
SIEEHA: i
When? (this is optional) J:-Fi;ﬁﬂz (%gﬂjjkd:idgfiﬁiﬁ
2024-03-25 o LFIMNITHTML  Input constraintsiZBY (B5LEERTZERN)
Divide the cost among kY
Smxth John ° &.*mli (I)—‘Z I\kdiiﬂ:u Egzjﬁ)
o N P H > g
SRIMHEE Input prompt4:R
B - -  FIALVLM&RL AP

2024 A+ ERBFIES | AIRENHEZE (b EARIEL




» AN ERIERPromptigit

. SplittyPie

New Transaction

Role Playing (RP) Visual Info. (VI)

Global Context (GC)

... web tester ...

generate text ... marked with red

You are viewing the web

[e127YI or CANCEL

2024 Al+RE L FES

| AREHTETE (it Ay £

Who paid? inputs ... frame ... page entitled: {HTML Title}.
Smith
For what? Local Context (LC) Input Widget (IW) Output Structure (OS)
v e Text near the input box: {Attribute&Constraint ... Use the format : |
{Text of Nearby Generated Input Text:
UsD s of Input Box}...
Element. [answer]
When? (this is optional)
2024-03-25
Divide the cost among
Smnh John

Based on the prompt with rich information, LVLM may
correctly generate 1.99 for the example.




» VETLAYZZ B RitiFiREIR

. ﬁ [ Context | [ ' Vision L X
o . ontex ision Language | ,
SRS - I "HTMLdoc | Extraction _ [ Model ] I
] \ Visual — |
. %ﬁUMﬁHTML | Prompt Query 2 \ I
l o : .
. WEIRITIREE : L@ [ screenshot e | Generation| %é interested | |
I Screenshot | Annotation ' . element | |
\ \. J ement prompt | ]
\.___________:_______}T/___ _______ i B
Overview of LVLM-based Element Selector
KR IR
- LETFURE (FBEIXIREIEET = ]’ CANDIDATE S v \l
C HENRE (ROAERIR) ) e | Bandit |y | mterested | |
g Add
* Element PromptZERk : Ahlae Selection | NTERESTED o :
- AIRZEFTENNFE (LVLMRTE) Sl Atist I
| target element € ;
- REIERIRE (MABRIRZRTE) N e e e e e e e e e, e, ——————— -

2024 A+ R BFIES | ARSALTE Rt EARIEY £



» ZHTFEIEIFRIRPromptigit

Role Playing (RP) Visual Information (VI) Global Context (GC) =72 $plittyPie
... red & blue frame ... buttons
...\INeb tebster within {Range of Button New Event
... select a button ... Numbers) _—
Local Context (LC) Input Widget (IW) Output Structure (OS)
Currency
The input box will be filled .. Selected bl |
with: {Generated Text Input}. Button Number: [answer] Participants §
\ =3
VI: The input box to be filled is marked with a red frame and the buttons\to  DELETE
be selected are marked within {Range of Button Numbers} and blue frame
ADD PARTICIPANT

IW: The input box will be filled with: 199.

o217y = or | CANCEL

Based on the prompt with rich information, LVLM may generate answer: 2.

2024 AI+TRRBFIES | AL EZS (Rt EAIEY £



» BEFMABRZRIZNER SR

BHERTEMEZ5TIMATFE (R RExploration-Exploitation Dilemma) [

- ¥§£Z%: Explore the website without guidance to discover unknown web states.

- FIF: Greedily exploit the profit-maximizing actions provided by the LVLM.

/
|
|
I
|
|
l

@itS EENN EENN EEED SEEN AEEE SENN GEEN IIEE BESE O IINN BEEE DEEN  BEEE  DEEN TEEE  IEEE  BEEE DI BEEE  DEEn  EEE  DEEE I I S S Sy

CANDIDATE i

HTML element list | Multi-Armed ) [ e
’E Bandit (__m interested P I ___| Vision Language
HTML doc : Add | element Model
Selection | INTERESTED

element list

target element €




» VETLEEBR JIRHIIIN ESZR15?

Comparison of VETL, WebExplor, and VETL’s variants on open-source benchmark websites

WUT #Visited Web State #Discovered Web Action
VETL | WebExplor | VETLy; | VETLyy | VETL | VETL | WebExplor | VETLy, | VETLry | VETLp
DimeShift | 10.8 3.6 7.2 7.8 86 | 1218 96.2 49.2 45 71
PetClinic 9 3.8 8.2 8 8.4 274 16.2 24 25.8 234
Phoenix 7 5.2 438 6 6.4 35 33.6 30.8 3.2 32.2
SplittyPie | 5.6 2.2 3 3 2.4 24 20.6 15.6 17.8 14.4
ave.  |( 8.1 ) 3.7 5.8 6.2 645 |(52.05)] 41.65 29.9 2995 | 3525
S— SSse——

State Coverage

Action Coverage

0.15

] |

At 71 7]

0.2 1

A

Fa] —( o

T T EEFRINB R EAEMLG £, VETL
ERZATEIIELSOTA S ZWebExplor

= == T N I S O Y Y = | SHESHE, AMESTREMTE,
A L ||| 1 1 TESOTES.

WebExplor

VETLy1

VETL.y

VETL,

VETL

WebExplor VETL»,

Comparison on commercial websites

VETLy

VETL,




» VETLEERS ANHE NI ZEI B SERI P STERPEND ?

Detected failures on commercial websites \ o e 1o
frtopralmiuh_ERYSCIGERER, FEIFRTAA,

1800

VETL VETLLEWebExplorfi@ R Z R EMTIT A
1600 - WebExplor (}\ACOHSO|€ Iog \1‘)'?)
1400 ~ - -+
400 - T
291.2 \‘ j(%%ﬁ%EE?ET%?*EEPE@)\E%ﬁ
200 - 199-02“':15.0118_6 . NASHIERFIEE, itk
0 s 64.2 506, [2.0714 576 B, . s s 5o 514 ERR_INSUFFICIENT RESOURCES

ten commercial websites

First N\ame Last Name F_irst Name L_ast Name HEIFES T MEFPEERE{ECAPTCHA
John Smith =3» John Smith Slgn Up —— bﬂﬁg&ﬂﬂﬁ’] EIR—FA%EE4O1$E'IE

Fill all blanks Valid input Submlt Error FOURSQUARE

2024 Al+TREBFIES | AIRNHLRTE (Rl pEAKE )&



» BAIBIPAMEHIR— RER RS 3EiE,

ISSTA 24 IR FELLMiBEMG IS EMIEEY “hiR” bug?
: IR SIRET RIS EH TR ?
|CSME 2024

1S EEAIRILF IR F I SR ENERE?

[Eﬂ]ﬁ%iﬁ?ﬁ‘é QAR
\_

2024 AlI+FRERBFIES | AREIAEAEZS (Rt EAIEY £




» iHEIN

VETL (ICSME 2024) QExplore (JSS 2023)

P BT i O e e O N S e 0 R smreat= ety e e e b A S ool b e R iay i QExpl t State Flow Graph
( ( ) input constraint A. Text Input Generator \ .—@ staning URL—P> xplore agen _
| Conte?(t { I = Check state/actions Add states and the : T] W
| TMLdec| Extraction context information oo | Environment e in Q-Table corresponding actions o R T SV State Comparison
@ Yes | Visual Q I | into the Q-table
5 t __Stales
! Input prom I | Update the Q-table 58 .
® . L [ Screenshot A, Prompt il _ S—aa
.5 e | z G ti |Query 1 ! i
Ly | Annotation : eneration y Choose the best action ] Edge Creation SFG
e —n > Y Stat lidat
. \ = s [ State validator |
‘ ->‘ '”8”1 thfiget \ S e e e e S — T Large Vision- - &
etection e e A L SR ST -
= | — Language Model P —— -Gontextuat Data Input Methed - - - = === === - ccccccoo o, Test scripts
WwuUT CANDIDATE Element prompt EO Query 2 ) i
6 I ”E element list ; ! ' Input Data Comparator : Executor .
| [Fsss ]| Multi-Armed e | : : 4
> L 2 B 4_|oo 5 <+«———— interested |_ I 3 Data——3 M = '
® No : e RanditSelection INTERESTED  Add element | gjoment | : ;}sentenca e € : [ Step ) ([__Perform an action ]
element list 1 Mocker < , i . \
: I ) g < {_ Semantic similarity ] 1
¢ t element ' D = ~
| target element | B. Target Element Selector ; : (Action Reverse Engineer | No
—————————————————————————————————— E Manual data input H
Update the State Flow Graph (SFG}

WebExplor (ICSE 2021)

Action Sequence |

1
N 5
2 . 4 ry

—af s}l }2u @) Curious Trace
e Selection

H Yes

High-level o . i
Update DFA I_’(DF A Guidance? Adaptive Policy

DFA-guided Exploration Culfiosity-based Policy Learning

——
Failed Tests

RN |
¢=> Visit Count Table

key | fcount
Low-level || (s,00) | 138
Cunos:ry (80,01) 27
Reward wog) | 820

Curiosity Model

IMBRIMTTNRGE, MERBAMARAR, B
EHEREDLE, HEEFELIR, HLARSHEH.

State

Next Action




» TS ENH
Reward Function State s Hyperparameters

State ch Learning rate a
e o -o reward r, Discount factor
Curiosity Website / e Y
Hybrid '\\
Q Table action a, . i
State Abstraction - - _h ------- t oy i Be!\l.avwr Policy
> 1 choose action -
Tag sequence of HTML \ > ) l.______________- & greedyl
Set of elements ® state s, Softmax

QL-Testing Agent

Q-learning i 4 RERIFAIFRNECE

] o BAIETFEREHIQ-learning &£ E 7 SO

. 5%, RIVETSEEEHQ learningl TELEN
ol ——— - Et_/l\*imuﬁ‘l OIJ\Hg'E Iiﬁbil'git%i&gu #ﬁ!ﬁ °

0 5000 10000 15000 20000 25000 30000 35000 (s)

2024 A+ R EHFIES | ARSTHAATE (bl ERIER ./:1



» iHEIN

Reward Function

State change
Curiosity
Hybrid

| Giata Abctrantion |

state s, ¢ Hyperparameters
Learning rate a

o reward r, Website / Discount factor y
® & Or T\\

- 1 I
Q-Table action a: | Behavior Policv

IRHTME N Q-learning ELZIRFNRIELEIIE? ERFENEER, SHES B
IRENEYNS T RAGA B S MBS =IG? E

0.35
0.25
0.20
0.15

0.10

0.05{ .-

BAIETERRT 1Q-learning&E 27 E 70k

............................ Bigt, SR HELEQ-learning TELEN
I R— A KBTI OB S I S B A BINR.

BENEE

0.00f

25000 30000 35000 (s)




» (R H{THZ M Q-Learning 5 EEITSAYA R

93 RL Agent 2
(428 states)
30
P RLAgent 7 |39
ISt AL NG (330 states)
-_ _ W _ -9” RL Agent 3
= —— P e Fen Fe (402 states)
Interaction \ & j \ b j \ 5 j
‘o= ‘= =
(o o o] (o o o (o o o
RL Agent 1 RL Agent 2 RL Agent 3 ,D\%%ggﬁ}%ﬂ, {E%gﬂgﬁﬁgk—%—T !

2024 AlI+FRERBFIES | AREIAEAEZS (Rt EAIEY £



» MARL-based GUI Testing System (MARG)

JFE(EZ 1 Q-Learning%

B RNSIRRITTRE  (FEA R N=E)

Client / Agent Server / Controller
(/‘_E 2 GUI info perception Testing Stage
’“g,a g Classifier
== o !
e [— A~ < Request Message _@_ _ Request Message State
— = _é,_l [—| == S Generator Send message Parser @ Policy optlmlzatlon
"\ & ! o ; Orin \ S T Historical data lf pdate global data
g, e \ e
R, =1 fram | § Local Data Global Data ] Reward
— = — 5 Memory Memory J i3 o
Qo
X S TR(’(‘O?'(] local data Update global data o
. . Action selection
Interaction | Response Message _ _@_ Response Message _ Action

2024 Al+iR & & F g

Send message Generator

Parser Decision-making

¥ | ARSIIAREE (RiEEIVBERIRR, .

el HRE—MPFEh A

Distributed Q-learning
with data exchahge

.t Centralized O-lparning
W vith shared Ofable




» MARL-based GUI Testing System (MARG)

Insight: Separating the process into Interaction and Decision-making

— 1= e
B
O= @ Policy optimization
=] : :
(‘%/E\---/ = @ Action selection Vol
= PR | m— 'O'
‘\ é‘\/' t&% l“ -%—_\ -
Y T 75 | M, e
= =L :,/'m: _________________
== — Controller
________ _X_____________,__-—-—
Interaction Decision-making

@ GUI info perception

@ Ul event execution




» Coordination and Cooperation

« Which data to share?

 Experience: optimal action selection on specific webpages

« How to share?

« Q-learning algorithm is for single agent
« Communication Efficiency

» Effectiveness

« Overhead

2024 AR MFIES | ARDFETE (Rit ANy £



» Data Sharing Schemes: MARG,

Centralized Q-learning with shared Q-table

Request Action Space
Message List
(51, a3,53)

Agent 1 @—6/"

Agent 2 @ g

(s1,as, Sg)

(52,06, 54)

(53, a4,51) (3, ag, Ss) :
)
Agent 3 @ B = N R A . 000000 e Ji e
Agent 1 @
Centralized Q-learning

Agent 3 @ with shared O-table

« Ease of implementation
« Timely updates of testing experiences across all agents

« Potential inefficiency with Q-table scalability

2024 Al+IEBFIES | ARHHAEE RHCWEFRIEY £S5



» Data Sharing Schemes: MARG[

Distributed Q-learning with data exchange ,‘:/

«

\ %
Algorithm 1: Distributed Q-learning for the k-th agent / |

Input: Agent k: previous state s, executed action a, current state s’, Distributed Q-learning
action space of current state A, reward r with data exchange
Global: number of agents N, Q-tables Qy, Q», ...On, and
hyperparameters «, y, €

Output: Q, chosen action @’ ChOOSl ng action

1 if s” not in Qj then g ; s

2 LinitializeQQk(S', Agr) 4 = { aifgen;zx Q). wathiprobabiliyd-e; (3)

s forj=1.. Ny kde random € Ay with probability e.

4 | if s in Q; then

5 | | tempQappend(Q;(s’, Ay )) S ,

6 if tempQ is empty then . Q(s,a) < Q(s,a) +alre +y max Q(s",a") - Q(s,a)] (2)

7 | update Qg (s, @) using Equation (2) o _“““-"““f’_f“s: ___________________________ |

8 | Choose @’ from Ay using Equation (3) on Qx (s, ) l

9 else

10 | update Qg (s, a) using Equation (4) Ok (s, a) —alr+ ¥ Z Qj (Sl, argmax (Qk (S/, a/))) — Qi(s,a)]
11 | for a; in Ay do ! QjctempQ a'eAy

12 LQ:r(ai) =20 ;ctempQj (s, ai) eiilsd)

13 | Choose @ from Ay using Equation (3) on Q}, (+) o U pdatl ng Q‘Va lue (4)
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» The Performance of MARG

H WebExplor ~ QExplore  IQL® MARG% MARG?)

[ Explored States (#) 9N ABYM L EiFfh SN ESEEPRIMARGES :
WUT, 380.0 1530 8360  701.0  912.0 s . \
toppr 13.0 70 123 53.0 46.0 - [EZRTEIA, EESOTAR EWeb Explorl ARz
Smadex 53.0 101.0 3223 7033 5907 . . .
Vuestic 833 267 427 2730 2833 QExploreifZEZIRE (4.344F. 3.89(F)
YouTube 348.7 2883 4423 4257 5873
GitHub 37.7 3873 6310 8513 8233 . EEEp T a . mnak,
GameSpot 437 580 1973 2817 2273 RIFHRIERN, EEHITEITSTQ-learning&EEEMR
EatingWell 381.0 4277 10820 12967 11550 =\ $= S 0
IKEA 31.0 820 7983 13187 1329 (FoHE)) IRRAIIRS S 36.42%
Average 152.4 1701 4849 6560 6615
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» MARG, V.S. MARG,,

. MARGE £, MARG
Metrics MARG. | MARG, e : MARG3 o MARG3
Explored States 656.0 | 661.5 ; %
Detection Actions 3160.8 | 3135.7 B é
Executed Unique Actions| 531.1 626.1 5 §
Detected Failures 34.2 39.5 WS e G G @ : TR a0 aﬁﬂ oy

Figure 6: Comparison of total executed actions of MARG,
and MARG;,

Figure 7: State-to-action ratios of MARGSC and MARG%

Centralized g-learning with a shared q-table
« Highly centralized nature superior info propagation capabilities
« Higher communication overhead

NS EERIFIELSEIEE,

Distributed g-learning with data exchange
MARGRHgIIEFMARG,

« Less overhead
 Better overall performance
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» IREEES

- EFAISERIEG B RGN A
- BREE. SERULEE. REFD. BIES. KERRA

=

- FAIBIMERREAI4Testing H R _ERYIRE

» [YanHui @ ISSTA 2024] a0falF FELLMEEENEGIAFESRIZAY “/MR" bug?
» [VETL @ ICSME 2024] 30{al# FRR TS S RELT N R A EH TSI ?
- [MARG @ ASE 2024] 37 FB & & ReAsait F IR I s R tERe?
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» IFLLMATestingFRRASTHIEE

 LLM4TestingRIfARIEEMI KNSR, RFEABRSHFRZ/ILMH:
o WIRAXNERGENRE (EYanHuiL{EHR, LLMERERRLERIIRINZERNIE36% )
- M EmIFIELLME B REEIIERER (—BENCE, nJ8eE SR IfGEE4EPRIEEY)
- WAIIFELLMEREZ AR oraclelmf@ (AN BahFIfEFmt 2R IER)
« YHMAFAELLMi@N—EE L BmE M AR (tLinREERmER. BinRBEIR)
o B LLME S EFEEEER/FFEEiE e+ (LLanMEZEZ Mo, BAEITNHER)
« W{IFRIBLLMITNAR R PG RSV ERERIL, B EEEMIH MR
o WNERIALLMFE TENB/Fa/ESENMHAGIER (EERHEE +EFERk)
- YMABLLMAIEMGE (FSoiT. W REE) #TEE
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BRESEIER + FEHRS i

—1000 + 2/ F A RIFE [E] 15545

5 K+es @ HUE ik 5 ke iJ:;”éﬁﬁ 5 ke ééi&ﬁﬁ
@5}’1&“’:}\ K+ig4&
rtie: 2025.08.29-30 i 2025.10.17-18 st 2025.11.25-26
o A J W, o W, P K+IEL3¥ 1S
_o-o—o_o_o-o-
il N N N\
NiDDig2 i_ti’éﬁﬁ NiDDig2 éjb:ﬁﬁﬁ NiDDig2 A\i?éﬂllﬁﬁ
NDDIE&
rtil: 2025.05.17-18 rhia: 2025.08.08-09 ) rtie: 2025.11.28-29
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