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Semantic Code Search

Code Query

PL Embedder NL Embedder

Latent space

Limitations

1. Faithfully capturing details in the queries
2. Inability to perform multi-step reasoning
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Semantic Code Search

Pretraining large Code Query
language models
that have proven

to work well on PL Embedder NL Embedder
textual tasks

Latent space

BERT/GPT =-—> CuBERT, CodeBERT
and CodeGPT
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Semantic Code Search

Enriching the code Code Query
embedder to take
INnto consideration

unique properties | E =T NL Embedder
of code

Latent space

CodeBERT = GraphCodeBERT
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Motivation

Task A: 1) Are references to lists present?

Task A: 1) v Task A: 1) v
TaskB: 1) v2) v3) v Task B: 1) v'2) v'3) x
def bubbleSort (arr): def findMax (arr) :
n = len (arr) i n = len (arr)
for i in range(n-1): < _ 0
for j in range(0, n-i-1): « 1 m = ar_r[.]
if ar[j] > arr[j + 1] — 2 f01: i m.range(n—l):
arr[j], arr[j + 1] = " 3 if arr[1] >m
m = arr[1]

arr[j + 1], arr[]]
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Motivation

Task A: 1) Are references to lists present?
Task B: 1) Are iterations over lists present?

Task A: 1) v Task A: 1) v
TaskB: 1) v2) v3) v Task B: 1) v'2) v'3) x
def bubbleSort (arr): def findMax (arr) :
n = len (arr) i n = len (arr)
for i in range(n-1): < _ 0
for j in range(0, n-i-1): « 1 m = ar_r[.]
if ar[j] > arr[j + 1] — 2 f01: i m.range(n—l): +— 1
arr[i], arr[j + 1] = if arr[1] > m: — 2
1 ] «— 3 m = arr[1i]

arr[j + 1], arr[]]
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Limitations of current approaches

1. Capturing long or compositional queries

2. Inability to perform multi-step reasoning
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Motivation

Task A: 1) Are references to lists present?
Task B: 1) Are iterations over lists present?

Task B: 2) Are there comparisons of elements?

Task A: 1) v Task A: 1) v
TaskB: 1) v2) v3) v Task B: 1) v'2) v'3) x

def bubbleSort (arr):

def findMax (arr):
n = len (arr)

=1
for i in range(n-1): : i rrll1= a:rlgé?rr)
fm: ] m_range(O., n-1-1): — 2 for i in range(n-1): <« 1
it arlj] > ar[j + 1] if ar[i] > m: 2
arr(j], arly + 11 = < 3 m = arr[i] |

arr[j + 1], arr[]]
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Motivation

Task A: 1) Are there references to array or list?
Task B: 1) Are iterations over lists present?
2) Are there comparisons of elements?

3) Are elements swapped to produce sorted result?

Task A: 1) v Task A: 1) v
Task B: 1) v2) v'3) V Task B: 1) v'2) v'3) x
def bubbleSort(arr): def findMax (arr) :
n = len (arr) 1 n = len (arr)
for i in range(n-1): < B 0
for j in range(0, n-i-1): « 1 m = ar_r[.]
if arr[j] > arc[j + 1] — 2 for i m.range(n—l): —
arr[j1, arr[j + 1] = “ 3 ifarfi] > m: <
arr[j + 1], arr[]] m = arr[1]
al
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Semantic Structure of the Query

LOAD
VERB

“Load all tables from dataset” I:> /\

all tables FROM
ARGO ARG1l/Prep

N

dataset
ARG1
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Semantic Structure of the Query

LOAD

VERB
“Load all tables from dataset” ‘ /\

alltables FROM
ARGO :  ARG1/Prep
© dataset
ARG1

for discovering entities (N/NP) E("all tables”) E("dataset”)

for discovering actions (V/VP) A(LOAD FROM, E(ARGO0), E(ARG1))
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Entity discovery:
‘dataset”

| N Entity “dataset” Tokenized
code [cy, ... C\]

Action:
“Load ??7? from dataset”

Joint
representation
for verb and
preposition:

9oad from” Tokenized

code [cq, . C\]

J

Ou

USC
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Estimate for
output of
E(“all tables?)
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Resulits, Pt. 1

Method CSN CSN-10K CSN-5K
0 MRR P@l P@3 P@5 MRR P@l P@3 Pa@; MRR P@l P@3 P@5

BM25 0.209 0.144 0230 0.273 0209 0.144 0230 0.273 0209 0.144 0.230 0.273

RoBERTa (code) 0.842 0.768 0.905 0.933 0.461 0.296 0.545 0.664 0.29  0.146 0.324  0.438

CuBERT 0.225 0.168 0.253 0.294 0.144 0.081 0.166 0.214 0.081 0.03 0.078 0.118

CodeBERT 0.873 0.803 0.939 0.958 069 0550 0.799 0.873 0.680 0.535 0.794  0.870

CraphCodeBERT 0.812 0.725 0.880 0.919 0.786 0.684 0.859 0.901 0.773 0.677 0.852 0.892

NS3 0.924 0.884 0.959 0.969 0.826 0.753 0.886 0.908 0.823 0.751 0.881 0.913

CoSQA

Method MRR Pal P@3 Pa@s

BM25 0.103 0.05 0.119 0.142

RoBERTa (code) 0.279  0.159 0.343  0.434

CuBERT 0.127 0.067 0.136 0.187

CodeBERT 0.345 0.175 0.42 0.54 R . .

GraphCodeBERT 0435 0.257 0538  0.628 Sollld |rr_1provement over baselines in all

NS3 0.551 0.445 0.619 0.668 evaluation setups.
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Results, Pt. 2

USC

Precision@1

Precision@1
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Improved performance for deeper and wider queries

Il CodeBERT

0.93 [ NS3 0.5
0.89 p GraphCodeBERT
0.4-
0.8 0.8 0.3-
0.2- 0.17
.73
.71 0.1_
N=1 N=2 N=3 0.0- “Ni1
CodeSearchNet
Number of arguments for Action
I CodeBERT 0.5-
A [ NS3
' m GraphCodeBERT 0.4-
o e 0.84 0.3_
0.82
o8 0.79 0.2-
0.75 0.1_
0.72
' . - 0.0-
D=1 D=2 D=3+

CodeSearchNet

Max depth of query




Results, Pt. 3

= 1.0-

= B CodeBERT
©0.8° mam NS3
- N

Qo.6

T

2o

-

£ 0.2

- S

O

A 0.0-

V(argl)-'>V(ar92) V1(arg)-$V2(arg)

In a more sensitive model, the similarity score for query-code pair should drop
after perturbation of the query, thus leading to lower ratio value.
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Results, Pt. 4

End-to-end training leaves us with good semantic relevance scores for the entity
discovery module

& - i“ \\\ : > :
4 Entity = “redundant elements” ./Actlon = “Remove ? of hsth\
def dedup_list(l): def HESUPNIESE(1): def HEdUPLIESE(1):
dedup = set() dedip - set() dedup - set()
return [x for x in 1 if not (\ return [x for x in 1 if not (\ return [x for x in I if not (\
x in dedup or dedup.add(x))] x in dedup or dedup.8dd(x))] x in dedup or dedup.add(x))])
| « s . . / i
" After pretraining After finetuning J \ 4
dn SRl TN : ;
f Entity = “folders” ./~ Action = “Navigate ?” \,
def get_all_files(foldeR) : def GEERSTINFILES (Folder) : def get_all files(folder):
for path, dirlist, filelist \ for path, dirlist, filelist \ for path, diFlist, Fileldst \
in os.walk(folder): in os.walk(folder) : in os.walk(folder) :
for fn in filelist: for fn in filelist: for fn in FERETESE:
yield op.join(path, fn) yield op.join(path, fn) yield op.join(path, #n)
. . . . )
\ After pretrainin After finetunin / ﬂ )> /
< p g g A /4




Thank you!

Anna Hakhverdyan Luis Garcia
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Christophe Hauser Xiang Ren AN
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Linear

Entity “dataset”

Tokenized code

[e]_1 eZ; ey eN]

Linear

[C4, ...CN]

Scores for

RoBERTzi_ for. token code tokens
classification
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