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Enhancing a Scalable Lexical Search Tool
with Syntactic/Semantic Analysis

Helping developers see how a code change can ripple
through a system before they start implementing it.
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Problem and thesis objective

Lexical search is fast, but code relationships can propagate change beyond matching words.

Objective: integrate ModCP syntactic/semantic analysis into DevSurge, then
evaluate what the integration adds beyond lexical search.

If the tool misses an impact

e Required downstream changes may be
missed

e Tests may not cover all affected behaviour
* The change becomes riskier to implement
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If the tool flags too much

* Developers waste time sorting through
noise

e Trust in the tool falls

e Planning becomes harder
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Existing approaches and research problem

Can dependency analysis improve coverage while keeping false positives manageable?

Text (lexical) search Syntactic/semantic analysis

e Finds exact textual matches ¢ Follows calls, data flow, and control flow

e Provides the starting seed e Expands from the selected seed

e Cannot follow non-textual relationships —_ e May improve recall, but can add false
positives

Syntactic analysis uses code structure; semantic analysis uses data- and control-dependency
information.
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Why the Mediator was the practical integration choice

Decision criteria: coupling, required refactoring, deployment overhead, and maintainability.

PATTERN WHAT IT MEANS PROJECT FIT / TRADE-OFF

DevSurge calls ModCP in the same

Direct reference Low effort, but high coupling.

process.
Plugin DevSurge loads ModCP as an Modular, but ModCP would need m,ajor .
. : changes to work through DevSurge’s plugin
architecture extension. . :
interface and lifecycle.
. . ModCP runs as a separate network Independent, but added deployment
Microservice :
service. overhead.
. One component coordinates Best fit: loose coupling, in-process
Mediator ..
requests and results. communication.

Choice: one controlled connector, while DevSurge and ModCP retain separate responsibilities.

4

Mahta Ghorbanian | MSc Thesis Presentation University of Calgary



Contribution boundary: existing tools and thesis work

DevSurge and ModCP existed before this thesis; the integration workflow and extensions are the contribution.

DevSurge
Pre-existing
Lexical search

Project import and
interface

Mediator

Thesis work
Integration and data
transfer

Result mapping and Ul
updates

ModCP

Pre-existing
Dependency-graph
construction
Dependency analysis

Added in this thesis: communication, caching, integrated result views, Jira export, and
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evaluation.
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End-to-end workflow and meaning of depth d

The selected lexical match becomes the seed for dependency analysis.

(" ™ - N e .
Import Selecta Mediator Ylew
. DevSurge de sends impact-
project; . co i )
finds exact lement: context; analysis
search for a e ’ .
. matches hoose d ModCP results;
variable © follows optionally
and request .
analysis dependenci e.xport to
\_ J J J \ es AN Jira y,

d is the maximum number of dependency steps followed from the selected seed.
Trade-off: larger d
d=4: widest can raise recall
distance shown and false
positives

d=2-3:
increasingly
indirect links

d=1: direct
neighbours

Based on thesis sections 3.2.2 and 4.1-4 4.
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How a developer explores change-impact results

The interface connects a method-level overview with detailed dependencies and source code.

File

Call Stack Data or/and Control Flow

oo (e Henioreg) (ore saomiond)

Prack gradelome ] lar sunbe |

Tree View of Call Stack
:
# Mark.main(Strinall) 58 double g = m.gradePoint();
59 gsum +=g
60 )
61 return gsum;
62 )

63

64  double sumOfMark() (
65 double msum = 0;
66 for (Mark m : marks) (

67 double n = m.number();
68 msum += n;

69 )

70 return msumy;

n }

Mark.gradePoint()

ﬁf(numbe’r>85)] / |

<%

(return 3.0) (return 4.0)

= Find In File:

Four linked views

e Call Stack Graph:
affected methods

e Data and/or Control Flow
Graph:

detailed dependencies

* Tree View of Call Stack:
hierarchy and cycles

e Code Viewer:

affected source lines

Together, the four views help developers trace an impact from methods to dependencies

Based on thesis user-interface description, Figures 3.4 to 3.8.
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and source lines.
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Optional planning prototype and its evaluation scope

Impact-analysis results can be exported as Jira work items with an initial story-point value.

Epic Story
Related work grouped A specific task An initial estimate
at the file level at the method level of effort
Example:

Example: Funds.java changeHelper()

Evaluation scope: impact-analysis results were evaluated; story-point calculations were
implemented but not compared with real project effort.
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Evaluation design: results versus historical impacts

Unit of comparison: distinct source-code lines in the result set and reference set.

Dataset Ground truth Metrics
* The Java Vending Machine e Historical changes and * Precision: how many
system system-test evidence predicted impacts were
e Object-oriented Java code e Reference lines associated correct
e Design patterns that can hide with each seed-variable change e Recall: how many real
relationships in the code e Limitation: the result depends impacts were found
on completeness of this * F1 score: a balance
reference set between precision and
recall

Comparison: lexical baseline versus dependency analysis at tested distances, using precision,
recall, and F1.
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Main result: higher F1 in one Java case study

Depth 4 was best overall for this dataset, not a universal setting.

ModCP vs FindItEZ (F1): OVERALL

= = FindItEZ F1 (34.04%)
mm ModCP F1-Score

807 74.8% 73.8%

(=2}
o
I

F1-Score (%)
3

20

d=1 d=2 d=3 d=4 d=5

Figure 5.11: Overall F-score trend vs. baseline.

Based on thesis Table 5.2 and Figures 5.10to 5.11.
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Conclusion

The integrated workflow extends lexical search with
syntactic/semantic analysis and connects the results to

planning.
- ; Evaluation Planning support
ntegration Better balance of recall Jira work items and
DevSurge + ModCP and precision story-point calculations

Happy to take any questions
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