
[10, 1, 3].sort((a, b) => a - b);



⭢

⭪ ▸(3) [1, 10, 3]
[10, 1, 3].sort( );



⭢

⭪ ▸(3) [1, 3, 10]
[10, 1, 3].sort((a, b) => a - b);



Package developers often lack feedback on their interfaces.
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Introduction: upstream dependencies
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glob

minimatch path-is-absolute fs.realpath

karma puppeteer tmp

brace-expansion



path-is-absolute fs.realpath

tmp

Introduction: downstream dependencies
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glob

brace-expansion

karma puppeteer
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Goal

practical tool lightweight solution
dynamically typed

languages

How many 
dependents does my 

package have?

How large/important 
are they?

How often are 
certain members of 
my package used?

How do dependents 
use certain members?

How could/should 
we change the 

public interface?

Where does 
compatibility 
matter most?



Related work



Dependency graphs

■ graph exploration [Kikas et al., 2017]

■ downstream analysis (vulnerabilities) [Decan et al., 2018]

API usage analysis

■ string search [Mileva et al., 2010]

■ AST scanning [Qiu et al., 2016; Sawant and Bacchelli, 2017]

Call graphs [Antal et al., 2018]

Ecosystem call graphs [Hejderup et al., 2018; Nielsen et al., 2021;
Wang et al., 2020; Hejderup et al., 2021; Keshani, 2021]

Presentation

■ Message Set [Goldberg, 1984]

■ Stacksplorer [Karrer et al., 2011]

■ Blaze [Krämer et al., 2012]

■ Exapus [de Roover et al., 2013]

Christoph Thiede
2022-04-25
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Mining
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Related work

https://graphcommons.com/graphs/a7ec343d-2a0c-47bb-9658-bb8315e8a096?auto=true&show=analysis-cluster


Approach

Christoph Thiede
2022-04-25
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Mining
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Dependency
collection

Usage mining Presentation



■ Many approaches: download large number of repos

□ Not lightweight!

■ For us: pre-filter before downloading

□ Rely on already indexed/searchable cloud sources

Approach

Dependency collection

Christoph Thiede
2022-04-25

Downstream Dependency 
Mining
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□ Rely on already indexed/searchable cloud sources:

Approach

Dependency collection

Package repositories
doubly-connected edge list of dependent packages

OSS code search engines
scan package manifest file

npmjs.com Sourcegraph
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Approach
Usage mining

import glob from 'glob'

glob('*.txt', { cwd: '/' }, (error, matches) => {
if (error) {

console.error(error)
} else {

console.table(matches)
}

})
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Approach
Usage mining

import glob from 'glob'

glob('*.txt', { cwd: '/' }, (error, matches) => {
if (error) {

console.error(error)
} else {

console.table(matches)
}

})
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Approach
Usage mining

const myThing = new glob.Glob('*.txt')

myThing.on('match', match => console.log(match))
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Approach
Usage mining

const myThing = new glob.Glob('*.txt')

myThing.on('match', match => console.log(match))
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Approach
Usage mining

CallExpression

PropertyAccessExpression ArrowFunction

CallExpression

PropertyAccessExpression
myThing on

'match'
match

console log
match

const myThing = new glob.Glob('*.txt')

AST



const myThing = new glob.Glob('*.txt')
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Approach
Usage mining

CallExpression

PropertyAccessExpression ArrowFunction

CallExpression

PropertyAccessExpression
myThing on

'match'
match

console log
match

glob.Glob string string
Console
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Approach
Usage mining

const myThing = new glob.Glob('*.txt')

myThing.on('match', match => console.log(match))
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Approach
Usage mining
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Approach
Usage mining
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Prototype

Usage mining

Compiler API



Presentation



Setup

•ready to use out of the 
box

• little configuration

Efficiency

•run on a single machine

• interactive response 
times

Integration into 
usual workflow

Approach
Presentation: non-functional requirements

Christoph Thiede
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Prototype
Presentation

Visual Studio Code

Top IDE Index (Pierre Carbonnelle, 2021): https://pypl.github.io/IDE.html
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Prototype
Presentation

Dependency 
browser

Usage browser
Code 

annotations
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Prototype
Presentation



Evaluation
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Evaluation: research questions

Dependency collection 
(quality/quantity/

performance)

Usage sample mining 
(quality/quantity/

performance)

Applicability 
of the tool



■ false positives:

□ outdated manifest files

□ peer dependencies

■ biases:

□ invalid/missing manifest file

□ npm: only packages

□ ranking: small packages are 
underrepresented

Slide 47

Evaluation: dependency collection

Christoph Thiede
2022-04-25

Downstream Dependency 
Mining



■ false positives:

□ almost impossible

□ naming clashes? tricked tsc?

■ false negatives:

□ complex build configurations
(code generation, transpilers, …)

□ metaprogramming and TypeScript limitations

□ missing type definitions for intermediate frameworks

■ performance:

□ speed*†: ~3 secs/package

□ memory*†: ~50 MB/package Christoph Thiede
2022-04-25

Downstream Dependency 
Mining

Slide 49

Evaluation: usage mining

*Sample size: 10 – 20 packages.
†Machine specs: 7 vCPUs Intel Xeon Cascade Lake @ 2.80GHz internet downspeed ~1.8 Gbit/s

const myThings = [new glob.Glob('*.txt')]

_.forEach(myThings, thing => thing.on(
'match', match => console.log(match)))



■ Non-functional requirements

□ Setup: 10 seconds

□ Efficiency

– Lightweight: 5 – 12 deps/min, <30 MB storage/package

– Interactivity/temporal distance [Ungar1997]:

• <10 seconds for first result

• <1 second latency for navigation

□ Integration [Ungar1997]

– spatial distance: low due to IDE extension

– semantic distance: low due to shared artifacts

■ Answering user questions
Christoph Thiede
2022-04-25

Downstream Dependency 
Mining
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Evaluation: tool



■ expand quantitative evaluation

□ annotated usage samples

□ user study

■ deeper analysis of usage samples

□ pattern mining

□ metrics

□ dynamic analysis

■ integrate further data sources

□ change history

□ conversation platforms (issue trackers, discussion forums)

□ error stack traces in CI logs
Christoph Thiede
2022-04-25
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Future work
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Conclusion

How many dependents 
does my package have?

How large/important 
are they?

How often are certain 
members of my package 

used?

How do dependents 
use certain members?

How could/should we 
change the public interface?

Where does 
compatibility 
matter most?

Dependency
collection

Usage mining Presentation

CallExpression

PropertyAccessExpression ArrowFunction

CallExpression

PropertyAccessExpression
myThing on

'match'
match

console log
match

glob.Glob string string
Console

Limitations:

■ dependency biases

■ complex build configurations

■ ranking factors

practical tool
lightweight 

solution
dynamically typed

languages
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Try it out!

https://github.com/LinqLover/downstream-repository-mining

