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Table 1: Comparison with other bug seeding techniques.

Approach Kinds  of Target Adaptation = Unbound
bugs locations to target tokens
(C1) location (C2) (C3)
Mutation opera- Few, manu- Everywhere Syntactic Not
tors [24, 43] ally defined supported
Inferred mutat. Many, Everywhere Syntactic Not
operators [9] inferred supported
Neural machine Many, Implicit by Implicit by Not
translation [61]  inferred model model supported
Bug Memory up- Hard to trig- N/A N/A
synthesis [15, 53] dates ger paths
This work Many, Based on se- Semantic Supported

inferred mantic fit
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Concrete bug fix
if (process.platform !== 'win32') .. » if (process.platform 'darwin')
> 2N o N N 1 l
1. /N /NHX — /'ﬂzﬁi Abstraction into bug
seeding pattern
Bug seeding pattern
id1.1d2 === 1it1 ‘ ............. » | dd1.id2 T== 1it2
Target program l
. . 2
2. BRI~y TF T35 hasEailed - iten.errCode === -1; 1 Semantic matching
— if (hasFailed && process.arch 'x64'
N N aran 1
1B AA R BERE FT D |
Candidate

R IE

seeding locations
Program with realistic, seeded bug

3

hasFailed = item.errCode 13
-— Apply pattern

if (hasFailed && process.arch ! 'x86")

Figure 1: Overview of the approach and running example.



JNTINY — 1ERK

c NWIHEIES —T > ANRT
- (Cbug» Ccorr)
" Cpug = |0, ., t8], Coorr = [E5, . t5], ¢ b—T Y

sHalF— id,
X lity,
« NTEIEINY — >
- (P corry P bug)
(process.platform !=="win32’, process.platform === "darwin’)

NE
(id1.id2 === lit1, id1.id2 1== lit2)



\ Lp, 5= -+ =
i:: ;LA_J?LH_I-HG = Fﬁ-@tl%_k:
1. BHAAFI—RD =T 1k, R
- [item, ., errCode, ===, -1], [process, ., arch, ===, 'x64]
- [id1, ., 1d2, ===, lit1]
2. TBXWICHEOHAHTRERFTDRIE
- INT NG =2 EBXHc—HT DEFERE
- [id1, ., 1d2, ===, lit1]
SIRRYICIB DA H I RERIFT DT XE

Q%E%Lﬁ%%MTﬁﬁﬂaAﬁt

FEFTDYFE

- [process,

., arch, ===, 'x64]

FRNICERBEDT S



I\ D3 FE

e unbound token

-INT V=TV RITIFRNBZD, IEEY—T 2 AUCIEIR
NnNEWk—2o>
- (Poorrs Poug)=(id1.id2 === lit1, id1.id2 == it2)

- IFRE IS LT E RV & BRRIG/ NI B A H DA BE




:mth—ﬁy

NV Ta>D

- N—=DU2VIEOIAAZHE
WTEWRZKOH D

- %\/\/\\\ :zi/;]—a—%z t
TEY I DRZEKRDD

DR 5&HIA
J0%EXK0DD

R THA) & TRR OBFDS TTSVX, T
ERTEHEERL?— /U,

Embedding space:
arch

A platform
process
'win32' ® .'x86'
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Figure 2: Example of analogy queries to bind unbound to-
kens.

V.e={emb(’'x64’)+emb('win32’)-emb('darwin’),
emb(arch) + emb(’'win32’) — emb(platform),
emb(process) + emb('win32’) — emb(process)}
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Match Threshold (minimum similarity required for seeding)

° / \O 3 )( 9 T t k Figure 3: Influence of matching threshold m on seeded bugs.
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Figure 4: Reproduced real-world bugs depending on token
set T and number k if bugs to seed.
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Figure 5: Precision and recall of DeepBugs with artificially
seeded and SemSeed-seeded bugs.
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