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type value v
profilerHits 931
export class TypescriptParser { . CPU Time (self) 8502 us
static traverseSourceFile( Energy Consumption (self): 0.000 r ar CPU Time (summed up) 23996 s
) i CPU Time (own code) 15204 ps
const { enter, leave } = callback BRI ) 2l T
CPU Time (node internal) 0 us
traverseNode(sourceFile) Energy Consumption (self) 0.042 mJ
Energy Consumption (summed up) 0120 mJ
function traverseNode(node: ts.Node) { Energy Consunption Energy Consumption (own code) 0.077 mJ
enter(node) " Energy Consumption (self): 0.042 mJ (2.91%'
ts.forEachChild(node, traverseNode)
leave(node)
}
type
}

profilerHits

static posToLoc(sourceFile: ts.SourceFile, pos: CPU Time (self)

og o
E ne rgy p rOfI I I ng fO r const lineAndChar = sourceFile.getLineAndChar CPU Time (summed up) 23996 us

CPU Time (own code) 15204 us

return { CPU Time (libraries) 290 s
line: lineAndChar.line + 1,

® T °
J a va S c r I f & es c r I f column: lineAndChar.character Sl e, 0 Hs
Energy Consumption (self) 0.042 mJ

Energy Consumption (summed up) 0.120 mJ

Energy Consumption (own code) 0.077 mJ
e (node: ts.Node) { Energy Consumption (self): 0.042 mJ (2.91%)
tion(node) ||
de) ||

) |
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The Hidden Cost Of Every Line Of Code

e Developers usually focus on pertformance, readability, maintainability, but rarely
on energy efticiency

e Every code choice (libraries, loops, APls) attects energy tootprint
* Existing tools don’t measure energy in Node.js/JS/TS apps

e Oaklean: makes JS/TS energy usage visible and optimizable



JavaScript/TypeScript/Node.js

.



Node.js At Scale = Energy At Scale

Why JavaScript/TypeScript Ecosystems Especially Need Sustainability Awareness

All Respondents Learning to Code Other Coders
Web frameworks and

technologies

Node.js
Node.js peaked in 2020 with its highest recorded usage score of 51%.

While not as popular, it's still the most used web technology in the
survey this year and has increased popularity among those learning to Angular
code from last year. ASP.NET CORE

jQuery

Next.js

3 Which web frameworks and web technologies have you done extensive Express
development work in over the past year, and which do you want to work in
over the next year? (If you both worked with the framework and want to
continue to do so, please check both boxes in that row.) ASP.NET

Vue.js

Spring Boot
Flask
Django

WordPress

https://survey.stackoverflow.co/2024/technology




Node.js At Scale = Energy At Scale

Why JavaScript/TypeScript Ecosystems Especially Need Sustainability Awareness

JavaScript Market Position, 4 Nov 2025, W3Techs.com

* Node.js used as website backends:

e 5.2% of all websites

¢ JavaScript

used by high traffic sites

e 10.7% by the top 1,000,000 websites

®lava
® Ruby

e 28.4% by the top 1000 websites

used by low traffic sites

JavaScript 18.2%
26.0%
28.4% T
mber
M Overall M top 1,000,000 M top 100,000 M top 10,000 top 1,000
Percentages of websites using the selected server-side programming languages broken down by used by fewer sites used by many Sites

ranking

https://w3techs.com/technologies/comparison/pl-js



Node.js At Scale = Energy At Scale

Why JavaScript/TypeScript Ecosystems Especially Need Sustainability Awareness

e Paypal: Adopted a unified JavaScript stack for frontend and backend
e LinkedIn: Migrated from Ruby on Rails to reduce overhead and server load
e Netflix: Server-side rendering and backend for global streaming

e Uber: Needed a high-concurrency backend to handle live GPS, surge pricing, and
updates

 Walmart: Required event-driven architecture to handle traftic bursts
e Trello: Real-time Ul updates tor collaborative task management

e eBay: uses Node.js for parts ot their large-scale marketplace backend



Node.js At Scale = Energy At Scale

Why JavaScript/TypeScript Ecosystems Especially Need Sustainability Awareness

Sun Neutronstar Blackhole node_modules

e Dependencies = node_modules @ RWA

e 1.3 millions in January 2021

e 2017-2019: 700 new packages per day

HEAVIEST
* Many redundant packages: OBJECTS IN THE

UNIVERSE
e 61% ot the dependency tunctions were duplicates !

e 10.4% were clones of other packages 2

o 17.92% are trivial (low/no tunctionality/only data) 3

1 https://habr.com/en/articles/554334/ 2What the Fork? Finding Hidden Code Clones in npm 3 https://arxiv.org/abs/2510.04495



https://arxiv.org/abs/2510.04495

Meet Oaklean

Measuring Energy In Your Codebase

e Open-source tool by Hitabis forJavaScript/
TypeScript - Node.js

profilerHits 931
export class TypescriptParser { . CPU Time (self) 8502 us
tatic raverseSourceFile i : 0. .
static traver ourceFile( Energy Consumption (self): 0.000 r B CPU Time {summed up) 23996 s
° \ { CPU Time (own code) 15204 us
e Prortiles CPU and memory ener ime (ibrar
const { enter, leave } = callback BRI i
CPU Time (node internal) 0 ps
o .
consumption per function or component o
p p P Energy Consumption (summed up) 0120 mJ

function traverseNode(node: ts.Node) { Energy Consumption Energy Consumption (own code) 0.077 mJ

enter(node) " Energy Consumption (self): 0.042 mJ (2.91%’
ts.forEachChild(node, traverseNode)

leave(node)

* Reports energy cost directly in your B
WOrkﬂOW ‘pogloLOC(sourceFile: ts.SourceFile, pos: CPU Time (self) ——

const lineAndChar = sourceFile.getLineAndChar CPU Time (summed up)

CPU Time (own code) 15204 us

ret . { | 7 . CPU Time (libraries) 290 s
llr{e: lmkoZ(S;rr lln: 11': CPU Time (node internal) 0 us
* Empowers developers to code with - o e e oo
p p Energy Consumption (summed up) 0.120 mJ
. Energy Consumption (own code) 0.077 mJ
e nVI ro n me n-I-O ‘ OWO re neSS e (node: ts.Node) { Energy Consumption (self): 0.042 mJ) (2.91%)

ation(node)
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How Oaklean Works Under The Hood

Measuring Of CPU Time And Energy Consumption (CPU + RAM)

CPU-Zeit Messungen der Funktionen (Intervall 1 Millisekunde) CPU-Zeit Messungen System-Total (Intervall 1 Millisekunde)
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Collects low-level CPU and RAM energy data 1




How Oaklean Works Under The Hood

Correlate Measurements

CPU-Zeit Messungen der Funktionen (Intervall 1 Millisekunde) Energieverbrauch Messungen System-Total (Intervall 10 Millisekunden)

CPU-Zeit Messungen System-Total (Intervall 1 Millisekunde
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How Oaklean Works Under The Hood

Parsing The Source Code And Cluster Into Components

— — —

import { Profiler } from '@oaklean/profiler’ v{root}
import { | v{function:main}
callWithWasm {functionExpression:callback}

} from '@oaklean-tests/wasm-callback’
const profiler = new Profiler('use-callback-with-wasm"')
async- function-main() -{

const-callback: =

const -wasmFunction = -await -callWithWasm(callback)
const-title-=-"'latest'
await -profiler.start(title)

for-(let-i-=-0; i-<-100; - i++) - { r " .
wasmFunction(i) t} {f t . }
| {root}.{function:main
await -profiler.finish(title)
}
main()

12



How Oaklean Works Under The Hood

Annotates Source Code With Cost Metrics

CPU Profile Parse File (index.js) Source Maps Parse File (index.ts)

TypeScript Parser

Energy Profile
Source Code Identifier

13



How Oaklean Works Under The Hood

Oaklean’s Internal Model Representation

close

{
"sourceNodeID": 34,
"methodName'": "main",
"identifier": "{root}.{function:main}",
"sensorValues": {

“profilerHits": 133,
"selfCPUTime": 916, v8-profiler-next@1.10.0 @oaklean-tests/wasm-callback@1.0.0 {wasm}@
"aggregatedCPUTime": 10622375,

"internCPUTime": 792,

"externCPUTime": 10620667,

"'selfCPUEnergyConsumption": 0.00024570134704553735,
"aggregatedCPUEnergyConsumption': 0.004293084173737636,
"internCPUEnergyConsumption": 0.0007312540090640993,

"ext PUE tion": 0. 1612881762 i
;. externCPUEnergyConsumption": 0.0033161288 8 dispatch.js (14)
"intern": {

100" : {
"id": 1ee,
"type": 3'
"sensorValues": {
“profilerHits": 1,

"'aggregatedCPUTime": 792, anonymous:15) (1 anonymous:16) (1 index.js (36 0003626a (41
"aggregatedCPUEnergyConsumption": 0.0007312540090640993 ( ¢ 519 ( 6)(106) ndex s (36) a()

"l;ethotﬂame“: "finish",
"filePath": "../0aklean/packages/profiler/src/Profiler.ts"
}
|8
"extern": { _ -
u3zns { (anonymous:0) (37) 0003626a (41) js-to-wasm:i:i (42)
"id": 37,
"type": 4'

"sensorValues": { L
“profilerHits": 491, 10592379 256‘)4
"selfCPUTime": 2375,
"aggregatedCPUTime": 10620543,

"aggregatedCPUEnergyConsumption": 0.0030757639578894128 -H
}, index.js (31) 8] index.ts (33) ( heavyCpul.oad (38) J [ js-to-wasm:i:i (42) J b33828e2 (43)

"methodName": "(anonymous:0)",
"filePath": "./dist/index.js"
},
n3gn: { 25456

"id": 38, 10620543

Qn
"type": 4'

"selfCPUTime": 42, 42
"aggregatedCPUTime": 42,
"'selfCPUEnergyConsumption": 0.0002403648597385869,
"aggregatedCPUEnergyConsumption": 0.0002403648597385869
}, 10622375
"methodName": "heavyCpuLoad",
"filePath": "./dist/index.js"
},
"42": {
"id": 42,
"type": 4'
"sensorValues": {
“profilerHits": 13,
"selfCPUTime": 82,
"aggregatedCPUTime": 82

"l;ethoddame": null,
"filePath": "./wasm/0003626a"
}
}s
"classes": [
"'sourceNode",
"scope-intern"
1
}




How Oaklean Works Under The Hood

Visualization In VS Code

OAKLEAN MEASUREMENTS JS X

v MEASUREMENTS node_modules > jest-runtime > build > Js index.js > 42 Runtime > @ getExportsOfCjs > @ reexports.forEach() callback
v node_modules 71.177 mJ class Runtime {

v jest-runtime@®29.5.0 30.322 mJ getExportsO0fCjs(modulePath) : any {

v build 30.322 mJ reexports.forEach(reexport => {

index.js 30.322 mJ ¥

> node_modules 26.453 mJ } else {
jest-circus@29.5.0 25.825 mJ const resolved = this._resolveCjsModule(modulePath, reexport);

jest-runner@29.5.0 9118 mJ const exports = this.getExports0fCjs(resolved);
; . t@59'2'4 6215 | exports.forEach(namedExports.add, namedExports);
ypescrip 9.2 4. m

expect@29.5.0 0.626 mJ }

});
d@®3.24.2 0.150 mJ . :
e " this._cjsNamedExports.set(modulePath, namedExports);
emittery@0.13.1 0.116 mJ

return namedExports;
ts-jest@29.1.2 0.106 mJ }

@jest/transform@29.5.0 0.076 mJ
v8-profiler-next@1.10.0 0.070 mJ

requireModule Energy Consumption (summed up): 27.713 mJ (36.32%)
(from, moduleName, options, isRequireActual = false) : any {
@jest/reporters@29.5.0 0.053 mJ const isInternal = options?.isInternalModule ?? false;
cli-color@2.0.4 0.024 mJ const moduleID = this._resolver.getModuleID(

 METHODS this._virtualMocks,

vV VOV OV VNV VYV VYV

A4

Energy Consumption (summed up) ‘ from,
N T N E A T e w Y wa Y i w——s ERL T~ modu'l-eName'
@ createDirectoriesRecursively ! {

V ExternalResourceHelper.ts conditions: this.cjsConditions
v % ExternalResourceHelper }
v Q@ listen )
@ (anonymous:0) let modulePath;
v @ fileInfoFromScriptID

v @ (anonymous:0) PROBLEMS  OUTPUT  TERMINAL  GITLENS  SPELL CHECKER  MEASUREMENTS  DEBUG CONSOLE  PORTS
@ (anonymous:0)

© isFrozen Energy Consumption (summed up) OYE X

Q@ loadFromFile v %3 Runtime
& fromJSON Q@ requireModuleOrMock 27.987 mJ

@ constructor @ requireModule 27.713 mJ
Q@ scriptlDs @ _loadModule 27.291 mJ

Q@ sourceMapFromScriptID Q@ _execModule 27178 mJ
Q@ replaceSourceMapByScriptID Q@ transformFile 19.278 mJ

@ sourceCodeFromScriptID @ readFile 0.860 mJ
Q@ loadedFilePaths @ readFileBuffer 0.753 mJ

@ _shouldMockCjs 0.397 mJ
> FILTER Q@ _resolveCjsModule 0.257 mJ




Case Study

Node Module C

cpu time

energy consumption

CPU Time (ps)

omparison

zip-decompress

zip - decompress with (1000000 iterations)

350M
300M
250M
200M
150M
100M

50M

Packages

zip - decompress with (1000000 iterations)
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0.1
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Energy Consumption (m1J)
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&

Packages

CPU Time (ps)

Energy Consumption (m1J)

queue-throughput

queue - throughput with (1000000 iterations)

140M
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0
O o
o’op‘" o
\‘oc\ o
Packages
queue - throughput with (1000000 iterations)
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0
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CPU Time (ps)

Energy Consumption (m1J)

Xml-parser

xml-parser - parseXML with (100000 iterations)

40M
35M
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20M
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5M

Qa( 56( « <(\\'L\r:’

a Packages

xml-parser - parseXML with (100000 iterations)
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A Community Vision

The Green Library Database

Next step: build an open database of library tootprints
Share benchmarks: “How green is your dependency?”

Encourage community contributions and comparisons

In editor suggestions tor ,,greener” dependencies

Contribute on GitHub: tools, metrics, libraries

17



© oaklean

type value
profilerHits 931
export class TypescriptParser { . CPU Time (self) 8502 us
static traverseSourceFile( Energy Consumption (self): 0.000 r ar CPU Time (summed up) 23996 s
) i CPU Time (own code) 15204 ps
const { enter, leave } = callback SR ) sl
CPU Time (node internal) 0 us
traverseNode(sourceFile) Energy Consumption (self) 0.042 mJ
Energy Consumption (summed up) 0120 mJ
function traverseNode(node: ts.Node) { Energy COhSUlption Energy Consumption (own code) 0.077 mJ
enter(node) " Energy Consumption (self): 0.042 mJ (2.91%'
ts.forEachChild(node, traverseNode)
leave(node)
}
y type
profilerHits
static posToLoc(sourceFile: ts.SourceFile, pos: CPU Time (self)
const lineAndChar = sourceFile.getLineAndChar CPU Time (summed up) 23996 us
CPU Time (own code) 15204 us

return { CPU Time (libraries) 290 us

t line: lineAndChar.line + 1, ) )
. CPU Time (node internal) 0 us
Py P column: lineAndChar.character
0.042

Energy Consumption (self) mJ

Energy Consumption (summed up) 0.120 mJ

Energy Consumption (own code) 0.077 mJ
e (node: ts.Node) { Energy Consumption (self): 0.042 m) (2.91%)
tion(node) ||
de) ||

) |

Supports: Linux/Mac/Windows Open Source MIT License




Questions & Reflections



Sources

o Stack overtlow developer survey
https://survey.stackovertlow.co /2024 /technology#most-popular-technologies-webtrame-prot

e Comparison of the usage statistics of JavaScript for websites
https://w3techs.com/technologies/comparison/pl-js

e Why Top Companies Are Using Nodejs As A Backend
https://enstacked.com/why-top-companies-are-using-nodejs-tor-backend

e Top 10 Large Companies Using Node.js for Backend
https://medium.com/devmap /top-10-large-companies-using-node-js-for-backend-t32aa3e55cdd

e ,What the Fork? Finding Hidden Code Clones in npm®
https://Idklab.github.io /assets /papers /icse22-shrinkwrap.pdt

e Only 39% of the functions in node_modules are unique in the detfault Angular project
https://habr.com/en/articles /554334 /

e Detecting and Characterizing Low and No Functionality Packages in the NPM Ecosystem
https://arxiv.org/abs/2510.04495
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https://arxiv.org/abs/2510.04495

