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Beenexne

® Pacrter HeO6XO,qI/IMOCTb TECTUPOBATbL CJIOXKHbIE CNCTEMBbI

¢ CyMBOMILHOE UCMOJIHEHME MOMOrAEeT HE MPOMNYCTUTL BXOAb!, Ha
KOTOPbIX NPOrpaMMa paboTaeT HenpaBuIbHO

® [IpobsieMa CMMBOJIBHOFO UCMOJIHEHNS — DOJBbLIOE KOMYECTBO
COCTOSIHUIA
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CMBOIBHOE NCMOMHEHME
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def function(x: int): (G I _ @
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if x > 0: .

y=x+1

return y
else:

s = other_function(x)

s += 1

return s ’

function

yex+1
return y

s = other_function(x)

def other_function(x: int):

if x == 5:
return O (%5) s
Tes;(ramd\
else:
return x
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CyuiecTBytolimne peLieHuns

e AnropuTtmsbl Ha rpadax (DFS, BFS)

® PaznnyHble 3BpuCTUKIA (Hanpumep, NpUCBanBaHNE BEPOSITHOCTY
BbIOOpa MyTU Ha OCHOBE TEKYLLUMX CBOCTB COCTOSIHMS)
® [loaxodbl, OCHOBAHHbLIE HA MALIWHHOM Oby4eHnn

® Learch! — nuHeiiHas mogenb
® Q-learning?®

Learning to explore paths for symbolic execution”, Jingxuan He, Gishor Sivanrupan,

Petar Tsankov, Martin Vechev, 2021

2“Reinforcement learning guided symbolic execution”, Wu Jie, Zhang Chengyu, Pu
Geguang, 2020
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OnwncaHne npoekTa

® KaunenT
® [IpepobpaboTka faHHbIX
® Qby4yeHue
® Banngauus
e Cepsep
® CyMBONBHOE MCMONHEHNE

KnunenTt |

pad notoka
ynpaenenus +

‘ CepBep W3meHeHus B rpade notoka
ynpasneHus
pa¢ noToka —P
ynpasneHus +
cAenaHHbIi < —
war CocTosiHMe, No KOTOpoMy
HY>XHO nepewiTn
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[NlocTaHoBKa 3aa4dn

Llenbto pabotbl siBAsieTCcs uccnefoBaHne NPUMEHUMOCTU TPachoBbIX
HEViPOHHbIX CeTeli K BbIDOPY MyTeii npy CUMBOSIBHOM NCMOJHEHUN
3apaun:

® PazpaboTka nHdpacTpyKTypbl aas obydeHus ¢ yuntenem rpadosol
HelpoHHOI ceTn

® [lpoBefeHne 3KCNEPUMEHTOB C Pa3/iMHHBIMY rMNepnapaMeTpamMu C
Lenblo JOCTUXKEHNS MAKCUMaIbHO BO3MOXKHOIO MPOLEHTa TECTOBOMO
NOKPbITNA
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lcnonb3yemble MHCTPYMeEHTHI

® Bubnnoteka PYTORCH GEOMETRIC
e Bubanorteka OPTUNA ansi nogbopa runepnapameTpos

o VSHARP3 B KQ4yeCTBE CUMBOJIbHOW MalUUHbI

3https://github.com/VSharp-team/VSharp (gaTa goctyna: 2024-01-07)
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https://github.com/VSharp-team/VSharp

Habop maHHbIX

Pe3synbTat

i - HOMep coCToAHMUS,
KOTOPbI Bblbpanu ¢
BEPOATHOCTbLHO p_i

Koprex

Konuuectso owwn6ok
100, -4, -1578, 9 _
- Konuyectso waros
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Onucanne npouecca oby4eHus

leHepauwusa Habopa AaHHbIX J

, ! | {4
Oby4yeHne ‘
1 Y J

/\

Banuaauvs ¢yHkumeli noteps +
noabop runeprnapaMmeTpos

Banngauns c ncnone3oBaHnem
CMBOJIbHbIX MaLLWH

/\»

< fmnepnapameTpsbl

> COXpaHeHHbIV pesynsTat

\‘) (\/ ObyueHHasa Moaenb \,) (\/

PesynbTaT + Wwarn )

/ = COXpaHeHHbIli pesy/bTaT
< coxpaHeHHbIli pesynbTaT

3ameHsem g N
[lo6aBnsieM HoBble Warut K
COXpaHeHHble Lwarun .
COXPaHeHHbIM
Ha HOBble Huyero He Aenaem
l L
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ApxnTekTypa

Dataset Runner
objective

maps
maps_results

raw_dir

processed_dir

n_jobs
threshold_coverage
threshold_steps_number
similar_steps_save_prob
processed_paths
_load_to_cpu

train_percentage

train_dataset_indices T "
test_dataset_indices alidation

hraining

validate_coverage
validate_loss

_split_dataset

get

switch_to
update_meta_data
process
filter_map_steps
remove_similar_steps
update_map
-merge_steps Connection to a server
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DKCNePUMEHTbI

Habop gaHHbix — 507 meTonoB

PyHkums noteps — paccrosiHne Kynbbaka-Sleiibnepa
® OnTtumnzatop — Adam

e AnropuTtm ans nogbopa runepnapameTrpos — Tree-Structured Parzen
Estimator
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JkcnepumenTsl (nogbop runepnapameTpos)

| game_vertices ige_index between game_vertices

P TAGConv ‘
! RELU

* /r=10.0003
® batch size =109

® num hops 1=5

[

SAGEConv
RELU

® num_hops 2=4
TAGConv
RELU

® num_of features = 30
® hidden channels = 110

SAGEConv
RELU

Linear
RELU )

Linear
log_softmax
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PesynbTathl
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VSharp coverage, % VSharp tests, count
Al (oparesbiit) nywe: 7, VSharp (cuhuii) nyswe: 9, Al (oparxesbiit) nyuue: 43, VSharp (cunuit) nyswe: 1,
OAUHAKOBbIM pe3ynbTaT (YepHbii): 113 OAVHAKOBbIN Pe3yNbTAT (YepHbI): 69
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PesynbTathl

® PaspaboTaHa nHdpacTpykTypa ais obydeHus c yuutenem rpacosoii
HelipoHHoii ceTu®

® [IpoBefeHbl 3KCNEPUMEHTBI U MPOAHAIN3NPOBAHbI PE3YbTaThl

e ObyyeHa mogenb, KoTopasi Obina uHTerpuposaHa B V#

“https://github.com/gsvgit/PySymGym/tree/dev — CCbiIKa Ha PEno3nuTopuii
npoekTta (gata goctyna: 2024-06-06). imsi nonbzosatens Anya497
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Ewie pesynbTaThl
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VSharp total_time_sec, s VSharp errors, count
Al (OpaH>esbiii) nyuwe: 26, VSharp (cunmii) nyswe: 23, Al (opaHxxeBbiii) nyuwe: 1, VSharp (cunuit) nyywe: 50,
OAVHAKOBbIN pe3ynbTaT (YepHblii): 64 OANHAKOBbIN pe3ynbTaT (YepHblit): 62
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