
UsinǗ anƿ VisualizinǗ
GraphȮ anƿ Grapǝ AlgorithmȮ

Juliuǒ Hrivnaǀ, ĲCLab
CHEP 2024
Kraków
21-25/OcǓ/2024

➢ Hybrid Database Architecture
➢ Graph Analyses Ecosystem

○ Lomikel
○ Grapher

➢ Fink Classification Graphs
○ Overlaps
○ Neighborhood
○ PCA-based Classification

➢ Graph Visualisation
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➢ Data in tabular storage (HBase)
○ Stable
○ Fast search
○ Fast processing
○ Fast injection
○ Suitable for batch processing
○ Contains all data

■ Static (rarely modified)
➢ Relations in graph storage (JanusGraph)

○ Expressive
○ Fast navigation
○ Suitable for algorithmic search
○ Contains structures/relations

■ Dynamic

Hybriƿ Databasǃ Architecturǃ

VeȨteɕ

DataLinǳ
VeȨteɕ

TabulaȨ storagǃ
(SQL , NoSQL ,...)
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Grapǝ AnalɖsiȮ EcȆsɖsteǽ 

Grapher

Lomikel

HBase

JanusGraph

ElasticSearch

Fink
➢ Lomikel, Grapher exist as

○ standalone programs (jar 
or exe), scriptable in Java, 
Python, Groovy

○ libraries to be included in 
other Java, Python, 
Groovy, C,... programs

○ interactive Web Service
➢ Both can handle Graph 

algorithms
○ Lomikel is more 

database-oriented (i.e. 
useful for algorithms heavy 
on searching & navigation)

○ Grapher is better for pure 
Graph algorithms heavy on 
processing

other Graph frameworks

GraphML
GraphSON
Parquet
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LomikeǶ

➢ Toolkit interacting with databases (SQL, NoSQL, Graph)
➢ Unified API for différent technologies (as far as possible)
➢ Many useful utilities, especially for HBase and Gremlin-based Graph databases
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$ lomikel -h
usage: java -jar Lomikel.exe.jar [-a ] [-b] [-g] [-h] [-n] [-q] [-s <file>] [-w]
-a,--api <language> cli language: [bsh|groovy|python]
                   (otherwise taken from source extension, default is groovy)
-b,--batch          run in a batch
-g,--gui            run in a graphical window
-h,--help           show help
-n,--notebook       run in an notebook
-q,--quiet          minimal direct feedback
-s,--source <file>  source script file (init. is also sourced)
-w,--web            run as a web service

$ lomikel -b -s script.bsh

$ lomikel -b -s script.py –api python

$ lomikel -b -s script.groovy –api groovy

$ lomikel 

$ lomikel –gui

import com.Lomikel.Januser.JanusClient;
import com.astrolabsoftware.FinkBrowser.Januser.FinkGremlinRecipiesG;

// connect to JanusGraph database
jc = new JanusClient("IJCLab.properties");
// access specific Fink utilities
gr = new FinkGremlinRecipiesG(jc);
// execute Gremlin (graph database API) request
jc.g().V().limit(1).valueMap().next();
// find closest sources
gr.sourceNeighborhood(‘ZTF17aaawgky’, null, null, 10);
// get source classification
gr.classification("ZTF17aaawgky");
// get all overlaps
gr.overlaps();
// do some statistics
gr.standardDeviationE('deepcontains', ['weight']);
// export overlaps to GraphML file
gr.exportAoISoI(‘Overlaps.graphml’);



GrapheȨ
➢ Toolkit for Graph manipulation
➢ Conversion between various file formats (to communicate with other toolkits)

○ graphml, dot, mat, g6, csf, json
➢ Algorithms for graph analyses and manipulation

○ Clustering
○ Connectivity, isolation, immersion
○ Adding distance between vertices (calculated in different ways)
○ Adding vertex inclusiveness
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$ alias grapher='java -jar Grapher.jar'
$ grapher -h
usage: java -jar Grapher.exe.jar
 -a,--alg              apply algorithm (instead of just converting)
                       [sc = Strong Connectivity | cl = Clustering | ad = adding distances]]
                       several algorithms can be separated by ;
                       algorithm arguments can be supplied after ,
 -e,--noedge           ignore input edges
 -h,--help             show help
 -i,--in               input file name [.graphml]
 -o,--out              output file name [.dot|.mat|.g6|csv|json|graphml]
 -q,--quiet            minimal direct feedback
 -s,--script           script to run (ignores all other options) [.groovy|.py]
 -v,--novertex         ignore output edge-less vertices
 -w,--show             show in graphical window (instead of converting)

import com.Grapher.Convertors.Convertor;
Import com.Grapher.Analysis.Analyser;

// convert GraphML file into GraphViz Dot file
cli.setInfile("AoI.graphml");
cli.setOutfile("AoI.dot");
convertor = new Convertor(cli);
convertor.read();
convertor.convert();
// fill data into Analyser
analyser = new Analyser(cli);
analyser.fill(convertor.read());
// apply various Graph algorithms
analyser.applyStrongConnectivity();               
analyser.applyConnectivity(10);                   
analyser.applyClustering("GirvanNewman", 30);      
analyser.applyClustering("LabelPropagation", 30);  
analyser.applyClustering("KSpanningTree", 30);     



included in Lomikel included in Grapher

Gr
ap
hM

L,
...
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ExternaǶ Grapǝ ToolkitȮ
➢ Using JGraphT toolkit for graph 

manipulations
○ User-friendly, supports many 

exchange data formats and 
protocols

○ Contains many standard graph 
analysis algorithms

○ It’s simple to add new algorithms
○ Pure Java, with Python interface 

(made by GraalVM)
➢ But many other toolkits (all 

inter-operable with JGraphT):
○ NetworkX: well integrated in 

Python environment
○ Snap: very advanced framework 

from Stanford (C++ & Python)
○ SageMath: very rich Math 

framework (Python-ish)



Finǳ ClassificatioǾ GraphȮ

➢ LSST/Fink
➢ Overlaps
➢ Neighbourhood
➢ PCA-based Classification
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concretǃ exampleȮ of Grapǝ algorithmȮ usagǃ:

ClassificatioǾ of astronomicaǶ aleȨtȮ



LSST
➢ Vera C. Rubin Observatory Project for 

Legacy Survey of Space and Time (LSST)
➢ Searching for new or changing objects
➢ 8.4 m, 3.2 Gpixel camera in Chile
➢ Up to 10 million alerts, 20 TB of data each 

night
➢ 500 PB of data will be accumulated in 10 years 

of operation
➢ Alerts sent worldwide via the network of 

‘brokers’
➢ First real observations next year

○ Framework tested on ZTF (Zwicky Transient 
Facility) data
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Finǳ BrokeȨ

➢ Incoming Alerts Management
➢ Using Big Data / NoSQL databases
➢ One of the official alert brokers of the LSST
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➢ Import new sources (or update)
○ select interesting (latest, classified as anomaly,...) sources (from HBase)
○ import them into graph
○ construct collections for alert classes

➢ Calculate relations

ConstructinǗ thǃ Grapǝ

all alerts stored in HBase

relations constructed

relations stored in JanusGraph
(with additional collection Vertexes)

with links to original data
10



alert
objectId,

jd

source
objectId

AlertsCollection
title

AlertsOfInterest
cls

SourcesOfInterest
cls

sends
deepcontains
weight
instances

collects

contains

overlaps
intersection
sizeIn
sizeOut

overlaps
intersection
sizeIn
sizeOut

Grapǝ SchemƝ

SIMPLE

MANY2ONE

ONE2MANY

ONE2ONE

MULTI
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alert = something new happens or something changes
source = the origin of the alert
Alerts/SourcesOfInterest =  alerts/sources are classified wrt possible types (SuperNova, Asteroid, Alien Spaceship,...)

- with uncertainties (one alert/source can belong to several classes) 



SoƘrƆƢưOfƑƱerƈƖƱ

(cƏaưsƈƖ)

soƘƕƠƢ

alƈƕƱs

One ƖƒƲƯce ƒƉ Ƭƫe SƒƲrƆeưOfƑƱerƈƖƱ ƞnƇ aƩl ƆƒƫtƞiƑƈơ ƞleƕƱs SevƈƕƞƩ SoƘrƆƢưOfƑƱerƈƖƱ ƞnƇ ưomƈ ƬƉ Ʊheƌƕ ưƬurƆƈư

The ƖƌƷƢ of ƙƈƯtƢƛeư ƄnƇ 
tƋe ƱhƌƆƨnƢƖư of ƈƇƤƢs 
coƕƯƈsƓƬƫd Ɨo ƱhƈƦƕ 
reƏƄƱƦve ƌƐƭƬrƗaƫcƈ

AleƕƱs³ƉÇƫteƕƈưt

(cƏaưsƈƖ)

Thǃ Grapǝ

soƘƕƠƢ

SoƘrƆƢưOfƑƱerƈƖƱ
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InterestinǗ RelationȮ
tȆ searcǝ foȨ

➢ Overlaps:  How many alerts are classified as several 
types (classes)

➢ Neighborhood: Which alerts are similar (wrt possible 
classifications) to an alert

➢ PCA-based classification: Classify new alerts with 
clusters of existing alerts
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AoI AoI AoI AoI
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OverlaȥȮ

➢ sources overlap = number of source classified as class2, which are also classified as class1
➢ alerts overlap = number of alerts classified as class2 from sources classified as class1
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AoI AoI AoI AoI

SoISoISoISoI

a a a
a

a a a
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1
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1
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number of s common to two SoI number of a from the other SoIweight = number of a connecting SoI and AoI via s
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1
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1
2
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OverlaȥȮ
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soƘƕƠƢs oƉ ƫƈw ƞƏeƯtƖ

alƈƕƱs



A A A A

B B B B

x

x

x x

x

x

x

x

x x
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y y

y

y

y

y

➢ find overlaps 
between A and B 
with respect to x

➢ how to take into 
account Edge 
weights ?

➢ how to include 
multiple-paths via 
the same x ?

➢ should work for C 
== B

➢ should work for 
oriented and 
unoriented Edges

GeneralisatioǾ of OverlaȥȮ

16Not ƚƈƩl ƋƞƫdƏeơ bƜ ƠomƐƒƫ gƕƞƭh aƑƄƩyƖƢư toƒƏƨƦtƖ - as ƌƗ ƠƬnƗaƌƫs ƙƢƯtiƆƈư Ƭf ƇiffƈƯƢnƗ ƱyƓe !



VisuaǶ OverlaȥȮ
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SoƘrƆƢưOfƑƱerƈƖƱ

wiƗƥ ƒvƢƕƩapƖ

deƗƄƦƩs oƉ ƒƫƢ 

coƑƠrƈƗƢ oƳƈrƏƞ
ƭ

(VenƑ ¨ƌƞƤraƐ)

taƅƩƈ Ƭf oƙƈƯlƞ
Ɠư



jc = JanusClient("IJCLab.properties");
gr = FinkGremlinRecipiesG(jc);
print(gr.overlaps(‘AlertsOfInterest’));

AlertsOfInterest:RRLyr * AlertsOfInterest:RRLyr=3666076.0
AlertsOfInterest:V* * AlertsOfInterest:V*=1872160.0
AlertsOfInterest:RRLyr * AlertsOfInterest:Star=1801680.0
AlertsOfInterest:EB* * AlertsOfInterest:EB*=1160366.0
AlertsOfInterest:QSO * AlertsOfInterest:QSO=1082817.0
AlertsOfInterest:LPV* * AlertsOfInterest:LPV*=1079266.0
AlertsOfInterest:Candidate_EB* * AlertsOfInterest:Candidate_EB*=1020285.0
…
AlertsOfInterest:Star * AlertsOfInterest:LPV*=189870.0
AlertsOfInterest:Mira * AlertsOfInterest:LPV*=184988.0
AlertsOfInterest:PulsV* * AlertsOfInterest:PulsV*=184247.0
AlertsOfInterest:RRLyr * AlertsOfInterest:LPV*=179521.0
AlertsOfInterest:LP*_Candidate * AlertsOfInterest:V*=175345.0
AlertsOfInterest:RRLyr * AlertsOfInterest:V*=173963.0
AlertsOfInterest:RRLyr * AlertsOfInterest:GinCl=172219.0
AlertsOfInterest:V* * AlertsOfInterest:RRLyr=162798.0
AlertsOfInterest:LPV* * AlertsOfInterest:Mira=158251.0
…

AccesȮ tȆ OverlaȥȮ
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sƆƯipƗ

reƖƘƩt



> grapher -i overlaps.graphml -o overlaps.dot

ExpoȨtinǗ OverlaȥȮ (tȆ GraphViɟ )

jc = JanusClient("IJCLab.properties");
gr = FinkGremlinRecipiesG(jc);
gr.exportAoISoI("/tmp/overlaps.graphml");
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sƆƯipƗ coƑƳƈrƖƦoƫ



Grapher initialised, version: 01.01.00x [23/Apr/2024 at 11:00:43 CEST by hrivnac]
Executing Groovy analyse.groovy ...
Reading overlaps.graphml
Generating weights ...
Imported graph: DefaultGraphType [directed=true, undirected=false, self-loops=true, 
multiple-edges=false, weighted=true, allows-cycles=true, modifiable=true][211, 
7503] from SoI.graphml
Applying Connectivity Algorithm ...
Most Connected:
    SourcesOfInterest(532525064):Solar System MPC=2.001475751813528E-5
    SourcesOfInterest(122896456):Candidate_EB*=1.9299584561486104E-4
    SourcesOfInterest(246046768):Candidate_RRLyr=2.1192136461512155E-4
    SourcesOfInterest(245780528):EB*_Candidate=2.1717508026100228E-4
    SourcesOfInterest(163864680):RRLyr_Candidate=2.2113304520797968E-4
    SourcesOfInterest(532557832):Candidate_LP*=2.5487725838755677E-4
    SourcesOfInterest(245788784):V*=2.6911282233468034E-4
    SourcesOfInterest(245780592):Mira=2.96411720247869E-4
    SourcesOfInterest(245776432):LP*_Candidate=3.045124013188856E-4
    SourcesOfInterest(532500488):LPV*=3.1365731058502976E-4
Least Connected:
    SourcesOfInterest(670097464):Candidate_post-AGB*=0.16667572451461254
    SourcesOfInterest(332038232):WR*_Candidate=0.187895248349279
    SourcesOfInterest(291020976):Candidate_WR*=0.187895248349279
    SourcesOfInterest(862470184):Possible_GrG=0.19446988682381575
    SourcesOfInterest(179531848):Candidate_SG*=0.1952614379084967
    SourcesOfInterest(453677288):SFregion=0.25003816356905695
    SourcesOfInterest(499388640):Candidate_LMXB=0.3333394893009283
    SourcesOfInterest(167751752):LMXB_Candidate=0.3333394893009283
    SourcesOfInterest(616284304):Candidate_LensSystem=0.34090909090909094
    SourcesOfInterest(177287240):Candidate_RSG*=0.35

> grapher -s analyse.groovy
import com.Grapher.Convertors.Convertor;
import com.Grapher.Analysis.Analyser;

cli.setInfile("overlaps.graphml");
convertor = new Convertor(cli);

analyser = new Analyser(cli);
analyser.fill(convertor.read());
analyser.applyConnectivity(10);

AnalɖsinǗ ExpoȨteƿ OverlaȥȮ
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Scƕiƭt ƖƈƞƯcƋiƫg ƉƒƯ tƋƢ moƖƱ cƒƑƫƢcƗeơ cƏƄưsƢƖ
- i.e. cƏaưsƈƖ ƴƦtƋ ƪosƗ ƒƳƢrƏaƭs
- i.e. coƐƪƒnƏƶ mƦƖ-cƏaưsƌfiƢƇ cƏaưsƈƖ  

reƖƘƩt



> grapher -s analyse.groovy
import com.Grapher.Convertors.Convertor;
import com.Grapher.Analysis.Analyser;

cli.setInfile("overlaps.graphml");
convertor = new Convertor(cli);

analyser = new Analyser(cli);
analyser.fill(convertor.read());
analyser.applyClustering("GirvanNewman", 10);

Grapher initialised, version: 01.01.00x [23/Apr/2024 at 11:00:43 CEST by 
hrivnac]
Executing Groovy analyse.groovy ...
Reading overlaps.graphml
Generating weights ...
Imported graph: DefaultGraphType [directed=true, undirected=false, 
self-loops=true, multiple-edges=false, weighted=true, allows-cycles=true, 
modifiable=true][211, 7503] from SoI.graphml
Applying Clustering Algorithm ...
    usingt GirvanNewman algoritm
    searching for 10 clusters
Clusters:
    …
    [SourcesOfInterest(81973328):Early SN Ia candidate, 
SourcesOfInterest(122953800):Solar System candidate, 
SourcesOfInterest(163905752):Ambiguous, 
SourcesOfInterest(164077672):Kilonova candidate]
    [SourcesOfInterest(499388640):Candidate_LMXB, 
SourcesOfInterest(167751752):LMXB_Candidate]
    …

AnalɖsinǗ ExpoȨteƿ OverlaȥȮ
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Scƕiƭt ƖƈƞƯcƋiƫg ƉƒƯ gƕƬuƭs ƒƉ ƠlƬƖeƩy ƆƒƫnƢƆƱed ƆƩƄsƖƢư
- i.e. gƕoƘƭs ƬƉ moƖƱ oƽƈn ƬƙeƯlƄƓƭƦnƊ cƏaưsƈƖ

reƖƘƩt



SoI B
classSoI A

class

source 0
objectId

source X
objectId

w0a
wxaw0b wxb

distance

weight
= n of classed alerts

Neighborhooƿ

distance between sources = similarity of sources with respect to classification of contained alerts
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jc = JanusClient("IJCLab.properties");
gr = FinkGremlinRecipiesG(jc);
print(gr.sourceNeighborhood("ZTF17aaawgky", None, ["Star", "Mira", "V*"], 5));

21683 INFO  (Januser.FinkGremlinRecipies   : 877) : calculating source distances from ZTF17aaawgky wrt [V*, Star, Mira] …

{ZTF18ablxmzd=0.005986089152901986, ZTF18adjlqkl=0.007482611441127496, ZTF18aayebnh=0.007482611441127496, ZTF21aaahkto=0.008679829271707878, 
ZTF18abdlapp=0.011986363351189971}

AccesȮ tȆ Sourcǃ Neighborhooƿ
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sƆƯipƗ ưƈƞrƆƥinƊ ƣƒr ƖƬuƯcƈ ƆƩƬseƖƱ tƒ ƞ ƖoƘƯcƢ ƚƯt a ƆƩƄsƖƦfiƠatƌƬƑ
“if ƜƒƲ Ʃikƈ ƗƥƦs oƑƈ, yoƘ ƚƦƩl ƓƯobƄƅƩy ƞƏưo lƌƎƢ ƱhoƖƈ”

reƖƘƩt



PCA-baseƿ AleȨȵ ClassificatioǾ
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1. Find alert's Primary 
Components (Vertices)

2. Define metric capturing 
alerts similarity (Edges)

3. Clusterize (cluster = source 
class) using Graph 
algorithms

4. Use known alerts (classified 
with certainty) to define 
clusters classes

5. Classify new alerts wrt 
existing clusters

6. Execute iteratively
whilǃ previouȮ algorithmȮ analɖseƿ existinǗ aleȨtȮ classificationȮ,

thiȮ onǃ helȥȮ tȆ classifɖ neɐ aleȨtȮ

// Find all pairs of PCA Vertexes, which are close enough.

// Connect them with the Edge 'distance' having a 'difference' property equal to

// the calculated difference.

variables = ‘pca00 pca01 … pca24’

difference = ‘qdistane(variables,...) // quadratic distance

gr.structurise(g.V().has('lbl', 'PCA'), difference, variables, ‘distance’, ‘difference’, …)

// Get some statistics about newly created Edges.

g.E().hasLabel('distance').values('difference').union(min(), max(), sum(), mean(), count())

// Find clusters of ‘close’ PCAs.

FinkBrowser.findPCAClusters(g, 'distance', 'difference', 2, 10.5)

ǅ1
distancǂ



Grapǝ VisualisatioǾ
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Currently, there are no publicly available tools for the 
generic visualization of graph databases. Existing 
solutions are often proprietary, expensive, or specific to 
particular application domains.

We have developed an interactive, dynamic, and 
highly configurable web service designed for the 
visualization of graph database contents, queries, and 
analysis results.
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LomikeǶ BroɐseȨ

Lomikel Browser is a Web Service to visualize 
and any graph with Gremlin API.

Written in JSP, JavaScript, Groovy and 
Gremlin.

Objects (Vertices and Edges) can be 
manipulated and interrogated.

It works out-of-the box with the default style, 
but can be heavily customized by 
visualization stylesheets and plugins.



27

LomikeǶ BroɐseȨ

Interactivǃ vieɐ of Ɲ Grapǝ
(customisablǃ bɖ Ɲ stylesheeȵ)

GlobaǶ operationȮ
oǾ Grapǝ

SelectioǾ of thǃ Grapǝ serveȨ
Anƿ initiaǶ requesȵ

Grapǝ contexȵ-sensitivǃ operationȮ
Anƿ intrȆspectioǾ OtheȨ waɖȮ of grapǝ analɖseȮ

(aȮ pluginȮ) OtheȨ pluginȮ caǾ bǃ calleƿ
FoȨ morǃ detaileƿ analɖseȮ

Grapǝ showǾ aȮ
aǾ interactivǃ tablǃ

OperationȮ feedbacǳ
(ofteǾ CLI commanƿ tȆ geȵ thǃ samǃ resulȵ)

 



stylesheet.nodes.datalink = {
  properties:{gremlin:"valueMap('name', 'technology').toList()[0]"},
  graphics: {
    label:"name",
    title:"name",        
    subtitle:"technology",
    group:" ",        
    shape:"dot",      
    image:"",        
    borderRadius:"0", 
    borderWidth:"1",  
    borderDashes:[1,0],
    value:"0"        
    },
  actions:[                                                                 
    {name:"Link",    url:{gremlin:"id().next().toString().replaceFirst(\"^\", \"DataLink.jsp?id=\")"    }, target:"result"  },
    {name:"Fits",    url:{gremlin:"id().next().toString().replaceFirst(\"^\", \"DataLinkFits.jsp?id=\")"}, target:"result"  },
    {name:"Show",    url:{gremlin:"id().next().toString().replaceFirst(\"^\", \"Node.jsp?id=\")"        }, target:"result"  },
    {name:"Table",   url:{gremlin:"id().next().toString().replaceFirst(\"^\", \"Nodes.jsp?id=\")"       }, target:"table"   }
    ]
  }
stylesheet.nodes.alert = {
  properties:{gremlin:"valueMap('lbl').toList()[0]"},
  graphics: {
    label:"lbl",
    title:"lbl",        
    subtitle:" ",
    group:{gremlin:"values('objectId').toList()[0]"},        
    shape:"hexagon",      
    image:"",        
    borderRadius:"0", 
    borderWidth:"2",  
    borderDashes:[1,1],
    value:{gremlin:"out().out().has('lbl', 'prv_candidate').count().join().toString()"}        
    },
  actions:[                                                                 
    {name:"Show",    url:{gremlin:"id().next().toString().replaceFirst(\"^\", \"Node.jsp?id=\")" }, target:"result"  },
    {name:"Table",   url:{gremlin:"id().next().toString().replaceFirst(\"^\", \"Nodes.jsp?id=\")"}, target:"table"   }
    ]
  }
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CustomisatioǾ

Stylesheet is a JSON document, describing possible Vertices and Edges, containing scripts in 
Gremlin or JavaScript.

Plugins can specify
- how Vertices/Edges are shown
- their context-sensitive operations as either call to internal plugins or external services.

Many standard plugins exist:
- correlations/overlaps (i.e. properties of Edges between Vertices) as table and Venn diagrams
- scatterplots for Vertex/Edge properties
- time dependence of Vertex/Edge properties (if time property defined)
- visualization of embedded data (pictures,...)
- navigation to connected databases (SQL, NoSQL or Graph)

Stylesheeȵ
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ExampleȮ

VeȨteɕ intrȆspectioǾ Grapǝ witǝ relationȮ tȆ datƝ iǾ externaǶ databasǃ
(HBasǃ iǾ thiȮ casǃ)



usinǗ grapǝ techniqueȮ tȆ investigatǃ LSST aleȨtȮ

➢ Lomikel
○ Home: https://hrivnac.web.cern.ch/hrivnac/Activities/Packages/Lomikel
○ Git: https://github.com/hrivnac/Lomikel.git  30

UsinǗ anƿ VisualizinǗ
GraphȮ anƿ Grapǝ AlgorithmȮ

1. Accumulate all data in classical database (SQL/NoSQL)
2. Extract Vertices into Graph, keeping backlink to full data
3. Create important Edges using appropriate metric 

capturing important relations
4. Derive new relations (like overlaps, neighborhoods,...)

- using graph DB utilities
5. Analyse relations (find clusters, isolated elements,...)

- using graph toolkits

PlanȮ tȆ integratǃ iǾ useȨ interfacǃ (WeƸ PoȨtaǶ)
SȆ thaȵ useȨȮ caǾ triggeȨ Grapǝ algorithmȮ 

➢ Grapher
○ Home: https://hrivnac.web.cern.ch/hrivnac/Activities/Packages/Grapher
○ Git: https://github.com/hrivnac/Grapher.git 

https://hrivnac.web.cern.ch/hrivnac/Activities/Packages/Lomikel
https://github.com/hrivnac/Lomikel.git
https://hrivnac.web.cern.ch/hrivnac/Activities/Packages/Grapher
https://github.com/hrivnac/Grapher.git

