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Context

Student make mistakes

Student have misconception
and bad smells in their code

How to detect them
efficiently?

Lots of PQL but can be hard
to learn



Wh at i S Match any name of

function

Pyttern?

Language to describe
patterns

def ?(foo):
Match 0 or more

?‘k statements
= Build over Python

= Build to be easy to learn and
use

= Inspired by regex Match any

expression

Match 3 or more
values in the list



Some examples

Match any number

def f

?

of arguments

acteurs(?*):
sk

for ? in range(?*):

if 2 == 0:
7%

Match the body at

any level of
identation

Match only While or

For expressions

def 7(7%*):
2%
?[While, For]:x*

2%

def approx_pi(n):
plt =0
7%
?pit = ?7pil + 7
return 7pt

Bind the match to
the variable "pi"




Match AST to AST

Syntax inspired by SCRUPLE

First version of  Can be slow
pyttern

No way of counting the number of match

No debuging/visual tools



Validation

= First version of Pyttern

= 30 students

= Compare 2 out of 4 techniques:

o Pyttern

o Regex

o AST traversal
o Prolog

= Anonymous survey
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2000 generated code with flaws

Va ll d at |O n Generated from student code

Common Flaws /&—) Python AST —@——)

Flaw 1

/1/3
e O
Flaw 3

Flaw 4

Pyttern

1/3
\A Prolog
Flaw 5 —>»| Pyttern




Validation

= Compared to other

languages, students found
Pyttern:

- Easy to use
= Quick to learn

| needed to learn a lot of things before
| could get going with this program query language.

iy —
Pyttern 4

' r T T T
Strongly disagree Disagree Neutral Agree Strongly agree

RegEx

o
o
[¢]

| thought this program query language was easy to use.

RegEx - F - i
Stronglyldisagree Disaéree Nel.;tral Agl"ee Stronglly agree

| found this program query language very cumbersome to use.

Stronglyldisagree Disalgree Neultral Ag;'ee Stronglly agree
| would imagine that most people would learn
to use this program query language very quickly.
ASTH © | o

RegEx+ © .

Strongly disagree Disagree Neutral Agree

Strongly agree



Validation

= But:
= Hard to debug

= Not precise enough

| would imagine that most people would learn

to use this program query language very quickly.

ASTq ©

RegEx{ ©O

| o

Strongly disagree

Disagree Neutral Agree

Strongly agree

Writing queries for coding flaws in this program
query language reports many false positives (incorrect responses).

AST A
RegEx

Pyttern{ ©

° [ 1]

——— I ——

Strongly disagree

Disagree Neutral Agree

Strongly agree

When writing a query that didn't work, was
it easy to understand how to debug your query?

AST -
RegEx 1
Pyttern -

Prolog 1

Strongly disagree

Disagree Neutral Agree Strongly agree

Writing queries for coding flaws in this program query
language yields a lot of false negatives (missed responses).

RegEx - . (o]
Stronglyldisagree Disalgree Neultral Aglree Strnnglly agree



Limited sample

Master students
Threats to

va[idity Small bugs in prototype

Ambiguities in pattern
Instructions



Second version
of Pyttern

File_inputContext
StmtContext
Compound_stmtContext
FuncdefContext

BlockContext

NameContext ParametersContext

def

StmtContext ~ StmtContext - StmtContext
StmtContext StmtContext
StmtContext

Simple_stmtsContext

Simple_stmtContext

Expr_stmtContext

Testlist_star_exprContext Testlist_star_exprContext

AtomContext

Testlist_compContext

= Architecture inspired by SCRUPLE:

o Pattern transformed to Finite State
Machine (FSM)

- Code transformed to Parse Tree (PT)

1(START) objecty 3 4 5 6
File_inputContext StmtContext Compound_stmtContext FuncdefContext def object
object "
bject;
13 oleca objectis
" BlockContext
object
objecty objectig 1 %)mpou nd_stmtContext 16 StmtContext 17
BlockContext S  ig/Looking [816 326 710512 ] StmtContext object Simple_stmtsContext Simple_stmtContext
Testlist_star_exprContext
20 21 22 23 24 25
object Testlist_star_exprContext AtomContext [ Testlist_compContext
object
28 29 Al except [816 3264410 512 272] 30
object ] s’ \gllooking [816 326 710512 ]

Paul, S. (1992, November). SCRUPLE: A reengineer's tool for source
code search. In Proceedings of the 1992 conference of the Centre for
Advanced Studies on Collaborative research-Volume 1 (pp. 329-346).

11

7 8
ParametersContext

18 19
Expr_stmtContext

26 27

object



Code Structure

Python code

Parse Tree

Pyttern code

Parse Tree

l

>

Simulator

€« Pyttern FSM

l

Match
Set

12



ANTLR Parse
Tree

LL(*) parser

- Easy to use
- Base Python grammar already
defined

Easy to find grammar for other
languages

File_inputContext

StmtContext

<EOF>

Compound_stmtContext

FuncdefContext

NameContext ParametersContext
def " +

StmtContext

Simple_stmtsContext

Simple_stmtContext

Expr_stmtContext

Testlist_star_exprContext

+

BlockContext
StmtContext StmtContext
StmtContext StmtContext
+ + *
+
Testliststar_exprContext
AtomContext
Testlist_compContext
1
5 7 1" 13 17 18

13

StmtContext

+



Pyttern

- Based on SCRUPLE

= Non-deterministic FSM

FS = Some constraint to ensure termination

1 (START) object p 3 4 5
File_inputContext StmtContext Compound_stmtContext FuncdefContext
object
13
objecty objectig 1 %pmpound_stmlContext 16
BlockContext S g/Looking [816 326 710512 ] StmtContext object
Testlist_star exprContext
20 21 22 23 24
object = Testlist_star_exprContext AtomContext
object
28 29 All except [816 3264410 512 272] 30
object ] S  g/Looking [816 326 710 512 ]

object
object

def

objectyy

objecl{g

BlockContext

StmiContext

Simple_stmtsContext

17

25

7 8
object ParametersContext
18 19
Simple_stmtContext Expr_stmtContext
26 27
Testlist_compContext object

14



Matching Algorithm

FSM direct the matching algorithm

3 Movements possible:

Move to parent +
Move to left child Move to right sibling move to right

sibling




Matching Algorithm




Matching Algorithm

1(START) objecty 3 4 5 6 7
File_inputContext StmtContext Compound_stmtContext FuncdefContext def object
object
objectg objectig 11 12 16 17 18
BlockContext S gllooking {816 326 710512 ] StmtContext object Simple_stmtsContext Simpie_stmiContext
Testlist_star_exprContext
20 21 22 23 24 25 26
object = Testhist_star_exprContext Com Ao oI { Stm esTestiist_compContext
object
28 20 All except [816 3264410 512 272] 30 13 objectis objactis
ook 6 object .
i S gllooking [816 326 7105121 1] object BlockContext

object

ParametersContext

Expr_stmtContext

object



D |ffe re n Ce Whole new code structure

Better matching algorithm

between Debugging/Visual tools

Designed to be more maintainable
V 1 a n d V2 Designed as a framework for other languages

18



Difference between V1 and V2

Choose File  No file chosen Strict Choose File  No file chosen

Pyttern Code
def ?2(?*): def factors(n):
fFrid 1=12,3,5,7,11,13,17,19]
=[(3}] i=0
t=[]
foriinrange(len(l)):
if n%I[i] == 0:
t.append(l[i])
i-=1
nbr = len(t)

return (nbr)

Follow FSM

A@ll Reset Download Follow

Reset  Download
1 (BTART) obyect y 3 4 L] a 7 E] N
P— — PRp— —— - - PR—— -
cttest T el - o
anecly ey 12 1e 7 15 18 NPl N (g - S 1 NS
S SR  CE— atten R — P— r*rr 1 Y T T T ¥ 5
L p—————
» 5 2 = =. = 2 17
obeect - Tesmes_sar_esCordent R + Sim dedleSEE!_COMBLORest oteect - -F— -
I
. - M et 1310 336 398 312 2721 - " =y iy
vt ) S aooking 218 328 715312 1 s ——




Next
steps

New experiment with more
student

New version of Pyttern

Development of Jattern (Master
thesis)

Comparison to other tools like
Flake8 or CodeQL (Master thesis)



Correct ambiguities

Valldat|0n More students

New version of Pyttern

Common Flaws /&—) Flake8 —@—) Pyttern
Flaw 1 /1/3 ><

Flaw 2 5 1/3 >&—> Regex —(O Regex
Flaw 3

Flaw 4 1 3\

Flaw 5 &—» Pytern —(O——>{ Flakes




Thank you for listening
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